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EXECUTIVE  SUMMARY 

The  Eighteen  Mile  GRA  covers  a  portion  of  the  Southern  Beaverhead  Mountains 
just  east  of  Leadore  and  along  the  Idaho-Montana  border.  The  GRA  includes 
one  Wilderness  Study  Area:  Eighteen  Mile  (43-3)  totalling  24,922  acres. 

Detailed  geologic  mapping  is  available  for  most  of  the  Eighteen  Mile  GRA, 
however  both  the  structure  and  stratigraphy  of  the  area  is  very  complex  and 
not  yet  fully  understood.  Bedrock  in  the  area  is  composed  of  a  thick 
sequence  of  quartzites,  sandstones  and  carbonate.  These  have  been  intruded 
by  a  large  granitic  pluton  and  are  partly  overlain  by  recent  volcanic  rocks 
and  sediments.  The  older  rocks  have  all  been  thrust-faulted  and  folded  into 
complex  structures. 

Deposits  of  silver-lead-zinc  were  mined  in  the  Eighteen  Mile  GRA  in  the 
1880s  and  a  small  gypsum  mine  operated  recently.  There  are  also  thorium  and 
phosphate  prospects  in  the  area.  Portions  of  the  Eighteen  Mile  WSA  have 
moderate  potential  for  metallic  minerals,  uranium,  and  thorium;  high 
potential  for  gypsum  deposits.  Moderate  potential  for  low  temperature 
geothermal  resources  is  present  near  the  mouth  of  Eighteenmile  Creek.  The 
entire  WSA  has  moderate  potential  for  oil  and  gas.  The  land  classification 
for  the  Eighteen  Mile  WSA  is  summarized  in  the  attached  table. 


SUMMARY  OF  GEM  RESOURCES 
LAND  CLASSIFICATION  FOR  THE  EIGHTEEN  MILE  WSA  (43-3 ) 


Resource  Classification 

1.  Locatable  Resources 

a.  Metallic  Minerals  3C/2C 

b.  Uranium  and  Thorium  3B/3C 

c.  Non-Metallic  Minerals  4C  (gypsum)/ 

2C  (other) 

2.  Leasable  Resources 

3C 

3B/1B 
IB 
2C 
2C 

3.  Saleable  Resources  4C  (limestone)/ 

2B  (other) 


a. 

Oil  and  Gas 

b. 

Low  Temperature  Geothermal 

High  Temperature  Geothermal 

c. 

Sodium  and  Potassium 

d. 

Other  = 
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EIGHTEEN  MILE  GRA,  IDAHO  AND  MONTANA 

1.0  INTRODUCTION 

The  Bureau  of  Land  Management  has  adopted  a  two-phase  procedure  for  the 
integration  of  geological,  energy  and  minerals  (GEM)  resources  data  into  the 
suitable/non-suitable  decision  making  process  for  Wilderness  Study  Area 
(WSAs).  The  objective  of  Phase  I  is  the  evaluation  of  existing  data,  both 
published  and  available  unpublished  data,  for  interpretation  of  the  GEM 
resources  potential  of  the  WSAs.  Wilderness  Study  Areas  (WSAs)  are  grouped 
into  areas  based  on  geologic  environment  and  mineral  resources  for  the 
initial  evaluation.  These  areas  are  referred  to  as  Geology,  Energy,  Mineral 
Resource  Areas  (GRAs). 

The  delination  of  the  GRAs  is  based  on  three  criteria:  (1)  a  1:250,000 
scale  map  of  each  GRA  shall  be  no  greater  than  81  x  11  inches:  (2)  a  GRA 
boundary  will  not  cut  across  a  wilderness  study  area;  and  (3)  the  geologic 
environment  and  mineral  occurrences.  The  data  for  each  GRA  is  collected, 
compiled,  and  evaluated  and  a  report  prepared  for  each  GRA.  Each  WSA  in  the 
GRA  is  then  classified  according  to  GEM  resources  favorabil ity .  The  classi- 
fication system  and  report  format  are  specified  by  the  BLM  to  maintain 
continuity  between  regions. 

This  report  is  prepared  for  the  Bureau  of  Land  Management  under  contract 
number  YA-553-CT2-1039.  The  contract  covers  GEM  Region  2;  Northern  Rocky 
Mountains  (Fig.  1).  The  Region  includes  50  BLM  wilderness  study  areas 
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totalling  583,182  acres.  The  WSAs  were  grouped  into  22  GRAs  for  purposes  of 
the  Phase  I  GEM  resources  evaluation. 

1.1  Location 

The  Eighteen  Mile  Geology,  Energy  Mineral  Resources  Area  (GRA),  encompassing 
part  of  the  Beaverhead  Mountains,  is  located  in  Lemhi  County,  east-central 
Idaho,  and  in  Beaverhead  County,  southwest  Montana.  The  Continental  Divide 
follows  the  crest  of  the  Beaverhead  Mountains  and  marks  the  political 
boundary  between  Idaho  and  Montana.  The  GRA  is  in  the  Lemhi  Resource  area 
of  the  Salmon  BLM  district.  The  GRA  includes  one  Wilderness  Study  Area 
(WSA),  Eighteen  Mile  (43-3),  totalling  24,922  acres  (Fig.  2).  The  Wilder- 
ness Study  area  is  completely  within  the  Idaho  portion  of  the  GRA. 

1.2  Population  and  Infrastructure 

The  nearest  town,  Leadore,  is  located  about  7  miles  northwest  of  the 
Eighteen  Mile  GRA.  The  nearest  paved  road,  Idaho  Route  28,  follows  the 
Lemhi  and  Birch  River  valleys  west  of  the  Beaverhead  Mountains  and  connects 
with  U.S.  Highway  20  to  the  south  or  U.S.  93  to  the  north.  A  number  of 
graded  dirt  road  extend  eastward  from  Highway  28  into  numerous  canyons  on 
the  west  side  of  the  Beaverhead  Mountains.  These  provide  the  principal 
means  of  access  to  the  GRA. 
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1.3  Basis  of  Report 

This  report  is  based  on  a  review  of  the  available  published  and  unpublished 
data  on  the  geology,  energy,  and  mineral  resources  of  the  Eighteen  Mile  GRA, 
The  principal  sources  of  data  on  the  area  are  publications  by  the  Idaho  and 
Montana  Bureau  of  Mines,  the  U.S.  Geological  Survey,  the  Geological  Society 
of  America,  university  theses,  and  the  Department  of  Energy.  The  area  has 
been  the  subject  of  continuing  geologic  study  by  Robert  Scholten  of  Penn 
State  University  and  E.T.  Ruppel  of  the  U.S.  Geological  Survey.  Conse- 
quently, detailed  geologic  maps  of  the  area  are  available.  Mineral  and 
energy  resource  information  is  less  abundant. 

The  data  was  compiled  and  reviewed  by  WGM  project  personnel  and  the  Ppanel 
of  Experts  to  produce  the  resource  evaluation  which  comprises  this  report. 
Personnel  involved  in  the  report  preparation  are  listed  below. 

Greg  Fernette,  Senior  Geologist,  WGM  Inc.     Project  Manager 

C.G.  Bigelow,  President,  WGM  Inc.  Chairman,  Panel  of  Experts 

Joel  Stratman,  Geologist,  WGM  Inc.  Project  Geologist 

Jami  Fernette,  Land  and  Environmental        Claims  and  Lease  Compilation 
Coordinator,  WGM  Inc. 

Panel  of  Experts 

C.G.  Bigelow,  President,  WGM  Inc.  Regional  geology,  metallic 

and  minerals,  mineral 
economics. 

R.S.  Fredericksen ,  Senior  Geologist,  WGM      Regional  geology,  metallic 
Inc.  minerals. 

David  Blackwell,  Ph.D.,  Professor  Geothermal . 

Geophysics,  Southern  Methodist  University 


Jason  Bressler,  Senior  Geologist,  WGM  Inc.     Regional  geology,  metallic 

mineral s. 

Gary  Webster,  Ph.D.,  Chairman,  Department     Oil  and  gas. 
of  Geology,  Washington  State  University 

William  Jones,  Senior  Geologist,  WGM  Inc.     Metallic  minerals,  coal, 

industrial  minerals.  - 

J.F.  McOuat,  President,  Watts,  Griffis  &      Mineral  economics,  and 
McOuat  Ltd.  industrial  minerals. 

E.F.  Evoy,  Senior  Geologist,  Watts,  Uranium  and  thorium. 

Griffis  &  McOuat  Ltd. 
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2.0  GEOLOGY 


2.1  Introduction 


The  Eighteen  Mile  GRA  is  underlain  by  a  complexly  deformed  sequence  of 
Precambrian  (older  than  600  m.y.)  through  Tertiary  (65-2  m.y.)  sedimentary 
and  volcanic  rocks.  These  have  been  intruded  by  lower  Paleozoic  (600-230 
m.y.)  plutons.  The  geology  of  the  area  has  been  studied  by  several  workers. 
Early  work  in  the  region  was  of  a  reconnaissance  nature  (Kirkham,  1927)  or 
related  to  the  study  of  mineral  deposits  (Umpleby,  1913,  1917;  Shenon,  1928; 
Anderson  and  Wagner,  1944).  Recent  work  by  the  U.S.  Geological  Survey 
includes  studies  of  the  thorium  deposits  just  north  of  the  GRA  (Staatz  et 
al.,  1972),  regional  structural  studies  (Ruppel ,  1964,  1978,  1982;  Ruppel  et 
al .  ,  1981),  and  detailed  geologic  mapping  in  the  Leadore  Quadrangle  (Ruppel, 
1968).  Detailed  work  specific  to  the  GRA  has  also  been  conducted  by  Robert 
Scholten  and  his  students  from  Penn  State  University.  This  work  includes 
studies  of  intrusive  rocks  (Ramspott  and  Scholten,  1964),  and  structural  and 
stratigraphic  studies  (Huh,  1967;  Lucchitta,  1966;  Scholten,  1957,  1967, 
1968:  Scholten  et  al . ,  1955).  A  summary  of  this  work  (Scholten  and 
Ramspott,  1968),  presents  a  detailed  geologic  map  covering  most  of  the  GRA 
and  all  of  WSA  43-3.  The  geologic  mapping  was  compiled  at  1:250,000  scale 
by  Rember  and  Bennett  (1979)  which  is  the  basis  for  Figure  4. 

2.2  Physiography 

The  Eighteen  Mile  GRA  is  located  in  the  Northern  Rocky  Mountains  physio- 
graphic province  (Fig.  3,  Hunt,  19741).  Topography  in  east-central  Idaho  is 
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characterized  by  long  linear,  northwest-trending  mountain  ranges  separated 
by  intervening  valleys  (Ruppel  ,  1982).  Elevations  range  from  about  3,500 
feet  in  Birch  Creek  and  Lemhi  Valleys  to  nearly  11,000  feet  along  the  crest 
of  the  Beaverhead  Mountains  which  marks  the  continental  divide.  The  streams 
draining  to  the  west  are  typically  short  with  steep  gradients  and  narrow 
V-shaped  valleys.  The  streams  draining  to  the  east  are  longer;  have  a  more 
gentle  gradient  and  broader,  flat-bottomed  valleys  reflecting  a  more  mature 
drainage  pattern. 

2.3  Rock  Units 

The  oldest  rocks  in  the  Eighteen  Mile  GRA  belong  to  a  group  of  Precambrian  Y 
(1600-600  m.y.)  sedimentary  rocks  which  crop  out  in  a  150  mile  long  belt  in 
east-central  Idaho  from  the  Snake  River  Plain  northward  to  the  Idaho-Montana 
border  at  Lost  Trail  Pass.  These  rocks  consist  of  a  thick  sequence  of 
impure  grayish-green  fine-grained  feldspathic  quartzites  and  argil litic 
siltites  belonging  to  the  Lemhi  Group  and  the  overlying  Swauger  Formation 
(Fig.  5).  The  Lemhi  Group  is  divided  into  five  units:  (1)  the  Inyo  Creek 
Formation  (oldest),  (2)  the  West  Fork  Formation,  (3)  the  Big  Creek  Forma- 
tion, (4)  the  Apple  Creek  Formation,  and  (5)  the  Gunsight  Formation 
(youngest).  Thickness  of  the  Lemhi  Group  is  about  20,000  feet  and  the 
Swauger  Formation  is  at  least  10,000  feet  thick  (Ruppel,  1975).  Correla- 
tion of  these  rocks  with  the  Belt  Supergroup  in  western  Montana  and  north- 
ern Idaho  is  tenuous  because  of  differing  characteristics  between  the  two 
sequences  as  a  result  of  differing  depositional  conditions.  The  Belt  Group 
was  deposited  in  the  Belt  basin  whereas  the  east-central  Idaho  rocks  were 
deposited  in  the  Belt  miogeocline.  Ruppel  (1975)  suggests  that  on  the  basis 
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of  lithology,  the  Apple  Creek  Formation  may  be  the  equivalent  of  the  middle 
belt  carbonates  belonging  to  the  Wallace  Formation  and  the  Helena  Dolomite. 
Additionally,  striking  differences  between  the  Swauger  Formation  and  the 
underlying  Lemhi  Group  may  reflect  tectonic  adjustments  that  took  place 
during  Missoula  time;  thus,  the  Swauger  would  be  equivalent  to  part  or  all 
of  the  Missoula  Group  and  the  Gunsight  Formation  at  the  top  of  the  Lemhi 
Group  could  be  equivalent  to  part  of  the  Vial  lace  Formation  (Ruppel.  1975). 

The  overlying  Swauger  Formation,  also  Precambrian  Y,  consists  of  grayish- 
pink  to  pale-purple  or  pale-red-purple  and  less  commonly  light  brown  to 
grayish-green  hematitic  quartzite  that  is  only  slightly  feldspathic.  Beds 
within  the  unit  are  3-6  feet  thick,  often  prominently  and  coarsely  cross- 
bedded,  and  occasionally,  rippled  marked.  Quartz  grains  are  vitreous, 
well-sorted  and  well-rounded.  The  beds,  particularly  in  the  lower  part  of 
the  formation,  are  separated  by  partings  and  beds,  generally  up  to  six 
inches  thick  but  rarely  up  to  three  feet  thick,  of  greenish-gray  to  dark- 
grayish-green  siltite  or  argil  1 ite.  A  purplish  speckling  or  blotching  from 
hematite  is  characteristic  of  weathered  Swauger.  An  extensive  unconformity 
is  present  at  the  top  of  the  formation  which  results  in  thickness  ranges 
from  0  to  1,000  feet  (Ruppel,  1975). 

The  Lemhi  Group  and  the  Swauger  Formation  are  widely  exposed  along  the  crest 
and  west  side  of  the  Beaverhead  Mountains  in  the  vicinity  of  the  Eighteen 
Mile  GRA,  but  they  have  not  been  mapped  in  detail.  Rocks  belonging  to  the 
Apple  Creek,  Gunsight,  and  Swauger  Formations  crop  out  in  the  upper  reaches 
of  Hawley  Creek,  about  5  miles  north  of  the  GRA  (Ruppel,  1975).   In  the 
vicinity  of  Clear  Creek  (sec.  12,  T.14N.,  R.  28E.),  Smith  (1961)  describes  a 
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section  of  red,  gray,  brown  and  buff  fine-  to  coarse-grained  quartzose  gray- 
wackes  and  subordinate  beds  of  green  sandstone  and  maroon  micaceous 
siltstone.  These  rocks  closely  resemble  those  in  the  Hawley  Creek  area 
(Ruppel  ,  1975).  Another  similar  section  of  rocks  was  mapped  in  the  vicinity 
of  Eighteenmile  Peak  (sec.  21,  T.13N.,  R.29E.)  by  Scholten  and  Ramspott 
(1968). 

In  east-central  Idaho,  a  confusing  and  controversial  sequence  of  calcareous 
sandstones,  shales  and  quartzitic  rocks  is  present  between  the  Precambrian  Y 
rocks  and  the  Middle  Ordovician  (479-450  m.y.)  Kinnikinic  Quartzite.  The 
discovery  of  Early  Ordovician  (500-479  m.y.)  fossils  in  the  upper  part  of 
the  sequence,  along  with  recognition  of  angular  unconformities  at  the  base, 
middle  and  top  of  the  sequence,  has  resulted  in  the  separation  of  the 
sequence  into  the  Wilbert  Formation,  tentatively  of  Precambrian  Z  (800-600 
m.y.)  age,  and  the  Summerhouse  Formation  of  Early  Ordovician  age  (Ruppel  et 
al.,  1975). 

The  Wilbert  Formation  is  dominately  brownish-gray  to  pale-red  quartzitic 
fine  to  coarse  sand,  grit,  or  conglomerate.  The  unit  is  poorly  sorted, 
partly  laminated  and  cross-laminated,  hematitic,  occasionally  glauconitic, 
and  partly  calcareous.  A  few  beds  of  sandy  limestone  and  dolomite  as  v/ell 
as  a  few  beds  of  siltstone,  shale  and  fine-grained  quartzite  are  present  in 
the  upper  Wilbert.  Thickness  of  the  unit  ranges  from  0  to  about  1,000  feet 
(Ruppel  et  al .  1975).  The  Wilbert  is  known  to  be  present  some  35  miles 
southeast  and  about  60  miles  northwest  of  the  Eighteen  Mile  GRA,  but  its 
distribution  in  the  vicinity  of  the  GRA  is  not  known. 
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The  overlying  Summerhouse  Formation  appears  to  represent  a  near-shore, 
perhaps  lagoonal  environment;  thus,  the  unit  differs  widely  in  lithology  and 
thickness  from  place  to  place.  The  type  section  for  the  Summerhouse  is  on 
the  east  wall  of  Summerhouse  Canyon  (SEi,  SEi,  sec.  25,  T.12N.,  R.25E.)  in 
the  Lost  River  Range.  In  the  Beaverhead  Range,  the  only  known  occurrence  cf 
the  Summerhouse  is  at  Maiden  Peak,  about  25  miles  north  of  the  Eighteen  Mile 
GRA.  At  Maiden  Peak,  the  Summerhouse  is  characterized  by  Scol ithus-bearing, 
glacuonitic,  calcareous  and  dolomitic,  brownish  to  reddish  quartzitic 
sandstones.  This  section  is  about  250  feet  thick.  It  may  be  part  of  a 
thrust  slice;  thus,  its  basal  contact  could  be  a  fault.  Conodonts  from  the 
Summerhouse  Formation  near  North  Creek,  about  33  miles  southeast  of  the  type 
section,  indicate  an  Early  Ordovician  age  for  the  formation  (Ruppel  et  al . , 
1975). 

The  Kinnikinic  unconformably  overlies  older  rocks  in  the  southern  Beaverhead 
Mountains  (Scholten  and  Ramspott,  1968).  The  older  rocks  are  in  angular 
unconformity  with  the  overlying  Kinnikinic  Quartzite.  The  rocks  in  the 
Kinnikinic  are  white  to  gray  to  lavender,  hard,  dense  orthoquartzites 
composed  of  well  sorted,  subrounded  to  well  rounded,  quartz  grains  with 
traces  of  zircon,  tourmaline,  magnetite  and  orthoclase.  Interstitial  to  the 
clasts  are  small  amounts  of  matrix  material  composed  of  sericite,  illite  and 
hematite.  The  rock  is  cemented  by  overgrowths  of  quartz,  plus  traces  of 
hematite  and  calcite.  The  cement  has  produced  a  rock  low  porosity  except 
locally  where  secondary  porosity  has  formed  by  the  dissolution  of  carbonate. 
The  unit  is  medium-  to  thick-bedded  and  locally  laminated.  Very  few  primary 
sedimentary  structures  are  present.  The  Kinnikinic  ranges  from  0  to  985 
feet  thick  in  the  southern  Beaverhead  Mountains  (Scholten  and  Ramspott, 
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1968).  Fossil  evidence  from  the  southern  Lemhi  Range  indicates  a  Middle 
(479-450  m.y.)  or  Late  Ordovician  (450-500  m.y.)  age  for  the  Kinnikinic 
(Ross,  1961). 

Both  the  Jefferson  and  Three  Forks  Formations  thin  drastically  in  the 
Beaverhead  Range  due  to  overlap  onto  a  lower  Paleozoic  topographic  high 
known  as  the  Lemhi  arch;  therefore,  the  two  units  are  mapped  together  in  the 
Beaverhead  Range  (Ruppel ,  1978).  In  the  Beaverhead  Mountains,  the  Jefferson 
is  in  disconformable  contact  with  the  Kinnikinic  Quartzite  and  older  rocks. 
The  Jefferson  consists  of  a  lower  limestone  member  and  an  upper  dolomite 
member.  The  base  of  the  lower  member  is  marked  by  a  unit  of  sandy  or 
conglomeratic  material  and  carbonate  breccia.  Pebbles  derived  from  under- 
lying units  are  common  in  this  interval.  The  limestone  member  is  dark- 
brown,  dense  and  dolomitic.  In  many  places  a  characteristic  gray  to  tan, 
highly  porous,  red,  yellow,  and  brown  weathering  limestone  is  present.  The 
pores  are  often  filled  with  a  light-gray  silty,  calcareous  matrix.  The 
upper  member  is  medium-  to  dark-gray  or  brown  calcareous  dolomite.  It 
weathers  to  light-gray  or  buff.  The  overlying  Three  Forks,  in  southwestern 
Montana,  consists  of  thin-bedded  to  platy  calcareous  shales  and  siltstones, 
and  shaley  limestones  and  dolomites.  Typically  these  rocks  weather  yellow- 
brown.  Locally  in  the  Beaverhead  Range,  dark-gray  argillaceous  limestones 
are  dominant  in  the  Three  Forks  (Scholten  and  Hait,  1962).  The  thickness  of 
the  two  units  ranges  from  about  100  to  300  feet,  but  the  Jefferson,  parti- 
cularly the  lower  limestone  member,  may  be  absent  locally  (Skipp  and  Hait, 
1977;  Scholten  and  Hait,  1962).  Stratigraphic  evidence  suggests  that  the 
Jefferson  in  the  Beaverhead  Range  is  entirely  Late  Devonian  (360-345  m.y.), 
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and  fossil  evidence  from  the  Three  Forks  indicate  that  it  is  also  Late 
Devonian  (Scholten  and  Hait,  1962). 

Early  Mississippian  (345-322  m.y.)  rocks  unconformably  overlie  Late  Devonian 
rocks  throughout  most  of  Idaho  (Skipp  et  al .  ,  1979)  including  the  Eighteen 
Mile  GRA.  The  youngest  Mississippian  unit  is  the  McGowan  Creek  Formation 
which  regionally  consists  of  a  lower  member  of  orogenic  detritus,  specifi- 
cally fine-grained,  thinly  bedded  turbidites,  and  an  upper  member  of 
calcareous  siltstone  interbedded  with  silty  micritic  limestone,  probably  a 
starved-basin  facies.  The  turbidite  sequence  ranges  in  thickness  from  about 
100  feet  in  the  Beaverhead  Mountains  to  about  4,000  feet  in  the  White  Knob 
Mountains.  The  upper  member  of  the  McGowan  Creek  ranges  in  thickness  from 
200  to  almost  500  feet  (Skipp  et  al . ,  1979)  and  is  not  present  in  the 
southern  Beaverhead  Range  (Skipp  and  Hait,  1977).  In  the  Eighteen  Mile  GRA 
the  McGowan  Creek  Formation  is  present,  but  not  described  in  detail.  In  the 
adjacent  southern  Lemhi  Range  it  consists  dominately  of  dark-gray  to  black 
carbonaceous  shale  with  some  fine-grained  siltstone.  Interbeds  of  black 
chert  are  common  (Ross,  1961).  Thickness  of  the  McGowan  Creek  ranges  from 
100  to  390  feet  in  the  Beaverhead  Mountains  (Ruppel  et  al . ,  1981).  On  the 
basis  of  conodont  studies,  the  McGowan  Creek  Formation  is  dated  as  Early 
Mississippian. 

The  McGowan  Creek  Formation  is  conformably  overlain  by  carbonate  bank  and 
forebank  deposits  belonging  to  the  Middle  Canyon  (oldest),  Scott  Peak,  South 
Creek,  and  Surrett  Canyon  Formations  (youngest).  The  type  sections  for 
these  units  occur  in  the  adjacent  southern  Lemhi  Range  (Huh,  1967).  These 
formations  represent  a  prograding  carbonate-bank  complex  which  generally 
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thickens  westward.  Thicknesses  range  from  1,280  to  4,225  feet  (Skipp  et 
al . ,  1979).  The  basal  part  of  the  complex,  the  Middle  Canyon  Formation,  is 
a  thin-bedded,  dark-gray  cherty,  fine-grained  limestone  in  the  upper  part 
and  a  light-brown  weathering,  calcareous  quartz  siltstone  to  fine  sandstone 
in  the  lower  part.   In  the  Beaverhead  Range,  the  Kiddle  Canyon  ranges  from 
about  500  to  650  feet  in  thickness  (Ruppel  et  al.,  1981)  and  it  represents 
in  part,  the  forebank  deposit  formed  in  front  of  the  prograding  bank  (Skipp 
et  al.,  1979).  The  succeeding  Scott  Peak  Formation  (1,970  to  2,300  feet 
thick  in  the  Beaverhead  Mountains)  consists  of  an  upper  and  lower  crinoid 
bryozoan  calcarenite  and  cyclically  intebedded  cherty,  crystalline  lime- 
stone with  an  intervening  medial  massive  medium-  to  medium-dark-gray  mixed 
crystalline  limestone.  The  overlying  South  Creek  Formation  (about  650  feet 
thick  in  the  Beaverhead  Range)  is  a  thin-bedded  alteration  of  fine-grained, 
dark  limestone  with  3  to  6  inch  chert  beds  and  1  to  2  inch  beds  of  clayey  to 
silty,  dark,  fissile  limestone.  The  uppermost  Surrett  Canyon  Formation  is 
thin  or  missing  in  the  Beaverhead  Mountains.  The  Scott  Peak  and  Surrett 
Canyon  Formations  represent  a  carbonate-bank  accumulation  whereas  the 
intervening  South  Creek  Formation  indicates  a  period  of  relatively  deep 
water  marine  circulation  that  temporarily  interrupted  carbonate-bank  buildup 
(Skipp  et  al . ,  1979).  Fossil  evidence  indicates  that  all  of  the  units 
belonging  to  the  carbonate-bank  complex  are  Late  Mississippian  (332-310 
m.y.)  in  age  (Huh,  1967;  Skipp  et  al.,  1979). 

In  the  southern  Beaverhead  Mountains,  the  South  Creek  Formation  is 
gradational ly  overlain  by  the  Big  Snowy  Formation.  The  Big  Snowy  consists 
of  black  shale,  siltstone,  fine-grained  calcareous  sandstone,  and  phosphatic 
carbonate  conglomerate.  The  shales  weather  medium-gray.  The  Big  Snowy 
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ranges  from  300  to  about  600  feet  in  thickness  and  marks  the  termination  of 
carbonate-bank  buildup.  A  diverse  fauna  of  brachiopods,  bryozoans, 
mollusks,  corals,  ostracods,  conodonts,  algae,  and  foraminifers  recovered 
from  carbonate  lenses  indicate  that  the  Big  Snowy  is  Late  Mississippian 
(Skipp  et  al.,  1979). 

In  the  southern  Beaverhead  Range,  the  Bluebird  Mountain  Formation  gradation- 
ally  overlies  the  Big  Snowy  Formation.  The  type  section  of  the  Bluebird  is 
on  the  west  flank  of  Gallagher  Peak  in  the  southern  Beaverhead  Mountains. 
At  the  type  section,  the  Bluebird  consists  of  medium-gray  to  medium-light- 
gray,  very  fine-grained,  quartzose,  mostly  thin-bedded,  cliff-forming 
sandstone  which  weathers  light-brown.  Minor  interbeds  of  gray  dolomite  and 
limestone  are  also  present.  The  upper  contact  with  the  overlying  Snaky 
Canyon  Formation  is  gradational  and  placed  at  the  position  in  the  section 
above  which  limestones  are  dominate.  Foraminifera  and  the  conodonts, 
Gnathodus  bilineatus  and  Cavusgnathus  sp.,  indicate  that  the  Bluebird 
Mountain  is  Late  Mississippian.  The  Bluebird  Mountain  is  345  feet  thick  at 
its  type  section  (Skipp  et  al .  ,  1979). 

The  Mississippian-Pennsyl vanian  contact  is  gradational  in  the  Eighteen  Mile 
GRA,  and  the  Pennsyl vanian  rocks  are  represented  by  the  lower  part  of  the 
recently  defined  Snaky  Canyon  Formation  (Skipp  et  al . ,  1979)  which  is 
comprised  of  the  basal  Bloom  Member,  the  succeeding  Gallagher  Peak  Sand- 
stone Member,  and  the  lower  part  of  the  overlying  Juniper  Gulch  Member.  The 
type  sections  for  these  formations  are  in  the  southern  Beaverhead  Range. 
The  Pennsylvanian  part  of  the  Snaky  Canyon  ranges  from  1,970  feet  thick  in 
the  Arco  Hills-Howe  Peak  area  to  about  3,280  feet  thick  in  the  southern 
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Beaverhead  Mountains.  The  Bloom  Member  consists  of  medium-bedded  gray 
limestone,  largely  sandy  or  silty,  interbedded  with  thin  beds  of  very 
fine-grained,  yellowish-brown  weathering  sandstone  and  siltstone.  Fossil 
evidence  indicates  that  the  Bloom  Member  spans  Early  (310-305  m.y.)  and 
Middle  Pennsyl vanian  (305-290  m.y.)  time.  The  overlying  Gallagher  Peak 
Sandstone  Member,  less  than  200  feet  thick,  is  dominately  a  very  fine- 
grained calcareous  sandstone.  It  is  probably  Late  Pennsyl vanian  (290-280 
m.y.)  in  age.  The  uppermost  member  of  the  Snaky  Canyon  Formation,  the 
Juniper  Gulch,  spans  the  Pennsylvanian-Permian  (280-230  m.y.)  boundary 
without  any  major  depositional  change.  The  boundary  is  near  the  middle  of 
the  member  in  a  330-600  foot  hydrozoan(?)  algal  buildup.  The  Juniper  Gulch 
Member  consists  of  interbedded  sandy  and  cherty,  generally  light-gray 
weathering,  thin-  to  thick-bedded  limestone  and  dolomite.  Sand  and  chert  is 
most  common  in  the  basal  300  feet  (Skipp  et  al . ,  1979). 

The  Early  Permian  (280-251  m.y.)  Phosphoria  Formation  conformably  overlies 
the  Snaky  Canyon  Formation.  In  the  southern  Beaverhead  Range,  the 
Phosphoria  is  divided  into:  (1)  the  basal  Meade  Peak  Member,  a  siltstone; 
(2)  the  succeeding  Rex  Chert  Member,  an  interbedded  grayish-black  chert  and 
light-gray  to  medium-gray  dolomite;  (3)  the  Retort  Phosphatic  Shale  Member 
consisting  of  grayish,  fine-grained  oolitic  phosphorite,  brownish-gray, 
sandy  dolomite,  and  brownish  laminated  siltstone;  and  (4)  the  Tosi  Chert 
Member,  a  dark-gray  or  black,  ledge-forming  chert  with  medium-gray,  oolitic 
phosphatic  limestone  interbeds.  The  Franson  Tongue  (of  the  Park  City 
Formation)  is  present  between  the  Rex  Chert  and  Retort  Phosphatic  Shale 
Members.  The  tongue  is  composed  of  interbedded  limestone  and  dolomite  with 
minor  chert.  The  carbonates  of  the  Franson  Tongue  are  locally  sandy  and 
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cherty.  The  Phosphoria  is  about  285  feet  thick  in  the  southern  Beaverhead 
Mountains.  The  brachiopod  Orbiculoidea  sp.  occurs  in  all  facies  of  the 
Phosphoria  and  Orbiculoidea  cf  0.  missouriensis  and  Cancrinel la  cf  C. 
phosphatica  are  present  in  the  siltstone  and  phosphorite  belonging  to  the 
Retort  (Skipp  et  al. ,  1979). 

Conformably  overlying  the  Phosphoria  Formation  is  the  Triassic  (230-195 
m.y.)  Dinwoody  Formation  (Moritz,  1951).   It  is  composed  of  a  basal  part 
consisting  of  shaly  and  fissile  siltstone,  yellow-tan  to  light-brown,  with 
minor  beds  of  fossil iferous  limestone  that  weather  to  a  distinctive 
brownish-gray.  The  upper  part  of  the  formation  consists  of  shaly  and 
fissile  siltstone  with  more  abundant  limestone  beds  and  interbedded 
calcareous  siltstone  (Lucchitta,  1966).  The  thickness  of  the  Dinwoody 
Formation  in  the  southern  Beaverhead  Range  is  estimated  to  be  about  120  feet 
(Ruppel  et  al. ,  1981). 

Overlying  the  Dinwoody  Formation  with  angular  unconformity  is  a  sequence  of 
Eocene  (55-38  m.y.)  volcanic  rocks  correlative  with  the  Challis  (Ruppel, 
1978)  or  possibly  the  Medicine  Lodge  Volcanics  (Scholten  and  Ramspott, 
1968).  These  rocks  are  principally  exposed  in  the  southern  and  eastern  part 
of  the  Eighteen  Mile  GRA  adjacent  to  Eighteenmile  Creek  and  peripheral  to 
the  Beaverhead  Pluton.  These  volcanics  are  predominately  aphanitic  to 
porphyritic  andesite  and  basalt  with  local  interbeds  of  tuff  and 
agglomerate.  The  basalt  and  andesite  are  typically  pyroxene-bearing  with 
minor  interbedded  ol ivine-bearing  rocks.  The  phenocrysts  consist  of 
plagioclase,  augite,  hypersthene  or   enstatite  and  olivine.  The  agglomerate 
contains  fragments  of  Beaverhead  granite. 
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Tuffaceous  sedimentary  rocks  named  the  Medicine  Lodge  beds  by  Scholten  and 
Ramspott  (1968)  occur  along  the  western  edge  of  the  Eighteen  Mile  GRA  and 
along  Nicholia  Creek.  These  rocks  overlie  the  Challis  Volcanics  to  the  west 
(Ruppel ,  1978).  The  rocks  consist  of  a  sequence  of  shale,  siltstone,  tuff, 
bentonite,  sandstone,  pebble  conglomerate,  and  local  lignite.  An  upper 
limey  part  consists  of  limestone,  tuffaceous  limestone  and  calcareous 
cross-bedded  tuff  (Scholten  and  Ramspott,  1968).  Some  scoraceous  basalt 
occurs  interbedded  within  the  sequence.  Staatz  (1979)  indicates  these 
tuffaceous  sedimentary  rocks  were  deposited  in  post-deformational  topo- 
graphic basins  in  mid-Tertiary  time.  Scholten  and  Ramspott  (1968)  report 
over  5,000  feet  of  these  sediments  in  Nicholia  basin. 

Intrusive  rocks  in  the  Eighteen  Mile  GRA  are  dominated  by  bodies  of  the 
Silurian-Ordovician(?)  Beaverhead  pluton  (Ramspott,  1962).  The  main  body  of 
the  pluton  is  exposed  north  of  Willow  Creek  and  smaller  bodies  are  found  to 
the  south  near  the  Viola  mine.  Two  phases  are  present:  (1)  the  main 
granitic  phase  and  (2)  a  subordinate  leucosyenite  (Scholten  and  Ramspott, 
1968;  Staatz  et  al . ,  1972).  The  main  granitic  phase  of  the  Beaverhead 
Pluton  is  a  pink,  medium-  to  coarse-grained  rock  with  considerable  textural 
variation.  The  modal  composition  generally  consists  of  30%  quartz,  65% 
alkali  feldspar  with  albite  constituting  less  than  one-third  of  the  total 
feldspar.  Potash  feldspar  is  usually  untwinned  microcline.  Other  minerals 
present  in  minor  amounts  are,  zircon,  apatite,  sericite,  hematite, 
magnetite,  chlorite  and  limonite.  The  leucosyenite,  possibly  a  border 
phase,  is  pink,  medium-  to  coarse-grained,  and  composed  of  between  80  to  95% 
microcl ine-albite  microperthite  and  cryptoperthite.  Other  minerals  present 
in  amounts  of  generally  less  than  5%   include  quartz,  biotite,  zircon  and 
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apatite.  Traces  of  sericite,  hematite,  leucoxene,  limonite  and  magnetite 
are  also  present  (Scholten  and  Ramspott,  1968). 

Numerous  small  ultramafic  to  mafic  dikes  and  sills  present  in  the  area  are 
thought  to  be  part  of  the  Medicine  Lodge-Chal 1  is  volcanic  episode  (Scholten 
and  Ramspott,  1968;  Staatz ,  1979).  These  rocks  are  dark  gray  to  dark 
greenish  gray  aphanitic  and  probably  are  basaltic  to  andesitic  in  composi- 
tion. Sparse  phenocrysts  of  olivine,  augite  and  biotite  are  present 
(Scholten  and  Ramspott,  1968). 

The  layered  and  intrusive  rocks  of  the  GRA  are  overlain  by  Pleistocene 
(2-0.1  m.y.)  and  Holocene  (0.1  m.y.  to  present)  alluvium,  alluvial  fans,  and 
landslide  deposits  (Scholten  and  Ramspott,  1968). 

2.4  Structural  Geology  and  Tectonics 

Regionally  the  Eighteen  Mile  GRA  is  within  the  frontal  Sevier  orogenic  belt 
of  the  Cordilleran  fold-thrust  belt  (Fig.  6).  In  the  area  northwest  of  the 
Snake  River  Plain  and  east  of  the  Idaho  batholith,  a  minimum  of  nine  major 
allochthons  are  recognized  including  (from  west  to  east):  the  Wood  River, 
Milligen,  Copper  Basin,  White  Knob,  Lost  River-Arco  Hills,  Lemhi,  Beaver- 
head, Medicine  Lodge  and  Tendoy  allochthon  (Fig.  7).  Each  of  these 
allochthons  has  an  internally  consistent  stratigraphy  that  differs  from 
adjacent  plates.  All  of  the  allochthons,  except  the  structurally  highest 
Wood  River,  are  bounded  above  and  below  the  thrust  faults.  The  allochthons 
can  be  grouped  into  three  stacks  consisting  of:  (1)  the  Pioneer  or  western 
stack,  structurally  the  highest,  comprising  the  Wood  River,  Milligen  and 
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Copper  Basin  allochthons,  (2)  the  Lemhi  or  middle  stack  comprising  the  Lost 
River-Arco  Hills,  Lemhi,  and  Beaverhead  allochthons,  and  (3)  the  Lima  or 
eastern  stack,  structurally  the  lowest,  comprising  the  Medicine  Lodge  and 
Tendoy  allochthons  (Skipp  and  Hait,  1977). 

The  Eighteen  Mile  GRA  is  within  the  Lemhi  stack  of  allochthons  (Fig.  7)  as 
defined  by  Skipp  and  Hait  (1977)  or  the  Medicine  Lodge  Plate  as  defined  by 
Ruppel  et  al .  (1981).  The  allochthons  in  the  Lemhi  stack  contain  thick 
sequences  of  Precambrian  Y  rocks  overlain  locally  by  Precambrian  Z  rocks. 
The  Precambrian  rocks  are  overlain  by  thick  Paleozoic  miogeoclinal  sequences 
which  exhibit  a  general  resemblance  to  each  other  from  allochthon  to 
allochthon.  The  Lemhi  stack  is  underlain  by  a  major  thrust  zone  within  the 
Precambrian  Y  sequence  (Skipp  and  Hait,  1977).  This  major  thrust  is  the 
Medicine  Lodge  thrust  system  (Fig.  8)  of  Ruppel  et  al .  (1981)  and  is 
probably  a  major  segment  of  the  Cordilleran  fold-thrust  belt;  thus,  it  is 
comparable  to  the  Bannock  thrust  system  in  southeastern  Idaho  (Ruppel, 
1978).  The  Medicine  Lodge  plate  is  widely  exposed  in  east-central  Idaho  and 
in  the  Big  Hole  basin  of  Montana.  It  probably  extends  northwest  to  the  east 
edge  of  the  Idaho  batholith  which  was  probably  emplaced  after  thrusting.  In 
the  Beaverhead  Mountains  the  basal  zone  of  the  Medicine  Lodge  plate  is  well 
exposed  in  a  few  places.  The  zone  consists  of  300  to  1,000  feet  of 
intensely  sheared,  brecciated  and  mylonitized  rocks.  Above  the  basal  zone 
the  structures  in  the  plate  consist  of  tight  asymmetrical  and  overturned 
folds  broken  by  closely  spaced  interlacing  imbricate  thrusts  that  dip  into 
the  basal  decollement  (Ruppel  et  al.,  1981).  Preliminary  unstacking  of  the 
allochthons  indicates  a  total  movement  of  125  to  150  miles,  but  relative 
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movements  between  the  Lost  River-Arco  Hills,  Lemhi  and  Beaverhead 
allochthons  appears  to  be  small  (Skipp  and  Hait,  1977). 

The  Eighteen  Mile  GRA  is  within  the  Beaverhead  allochthon  (Fig.  7)  which 
occupies  a  position  between  the  thrust  system  along  the  west  flank  of  the 
Beaverhead  Mountains  and  the  buried  trace  of  the  Deadman  normal  fault.  The 
Deadman  fault  is  located  in  the  general  position  of  Medicine  Lodge  Creek 
just  west  of  the  trace  of  the  Medicine  Lodge  thrust.  The  Beaverhead 
allochthon  is  17  miles  wide  at  the  surface  and  more  than  5,000  feet  thick. 
The  allochthon  is  extensively  imbricated  along  the  eastern  margin.  Imbrica- 
tions such  as  the  Divide  Creek,  Fritz  Creek,  and  Nicholia  thrusts  are 
displaced  by  east-  and  northwest-trending  faults.  These  faults  are  in  turn 
displaced  by  north-northwest  trending  range-front  faults  (Skipp  and  Hait, 
1977). 

The  Beaverhead  Range  is  described  by  Scholten  and  Ramspott  (1968)  as  a 
flat-topped  uplift  flanked  by  monocl inically  folded  limbs  cut  by  steep 
faults.  The  axial  part  of  the  range  is  underlain  by  nearly  flat,  pre-uplift 
thrust  faults  that  steepen  on  the  range  flanks  to  as  much  as  80°  (Ruppel, 
1982).  Ruppel  (1982)  interprets  this  structure  to  be  the  result  of  drape 
folds  formed  over  the  edges  of  rising  basement  blocks.  During  the  folding 
process  movements  were  accommodated  along  slip  surfaces  within  the  imbricate 
thrust  faults  and  along  the  thick  Medicine  Lodge  decollement,  as  well  as  by 
slip  between  beds  within  shaly  formations.  The  normal  range-front  faults 
are  consequently  thought  to  be  minor  secondary  faults  formed  by  gravita- 
tional collapse  and  sliding  of  blocks  of  strata  from  the  steepened  mono- 
cl inal  limbs  of  the  uplifts  into  the  adjacent  valleys.  A  consequence  of 
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this  interpretation  is  that  the  intervening  valleys,  such  as  Lemhi 
Valley  and  Birch  Creek  Valley  are  flat  bottomed  basins  flanked  by  steep 
reverse  faults.  Gravity  surveys  (Kinoshita  et  al  ,  1976)  indicate  that  the 
Lemhi -Birch  Creek  trench  is  deep,  about  10,000  feet  in  its  deepest  part 
(Ruppel  ,  1982).  The  gravity  data  also  suggests  that  valleys  are  symmetrical 
and  deepest  in  the  center  which  is  consistent  with  the  uplifted  block  hypo- 
thesis. 

Faulting  has  continued  into  the  Pliocene  and  Holocene.  These  young  normal 
faults  trend  dominantly  northwest  parallel  to  the  range  fronts  in  east- 
central  Idaho.  Although  the  faults  exhibit  fresh  and  well  exposed  scarps 
displacement  is  small.  Ruppel  (1964)  estimates  vertical  displacement  on  the 
west  side  of  the  Beaverhead  Mountains  north  of  Leadore  to  be  on  the  order  of 
200  feet. 

2.5  Paleontology 

The  rocks  underlying  the  Eighteen  Mile  GRA  are  moderately  fossil iferous,  but 
no  index  or  special  localities  are  described.  Units  reported  to  be  locally 
or  commonly  fossil iferous  include  the  Jefferson  Dolomite,  the  McGowan  Creek 
Formation,  the  Middle  Canyon-Scott  Peak-South  Creek  Formations,  the  Big 
Snowy  Formation,  the  Phosphoria  Formation,  the  Dinwoody  Formation,  and  the 
Medicine  Lodge  beds.  The  dolomitized  stromatoporoid  and  tabulate  coral - 
bearing  carbonate  bank  deposits  of  the  Jefferson  Dolomite  include  many  coral 
and  braciopod  genera  (Skipp  et  al . ,  1979).  The  lower  member  of  the  McGowan 
Creek  Formation  contains  scattered  brachiopods,  pelecypods,  gastropods, 
cephalopods,  trilobites  and  corals  as  well  as  conodonts  (Skipp,  Sandro  and 
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Hall,  1979).  Fossils  present  in  the  Middle  Canyon-Scott  Peak-South  Creek 
Formations  include  corals,  brachiopods,  mollusks,  bryocoans,  algae, 
calcareous  foraminifers,  trilobites,  ostracodes  and  shark  teeth.  The  Big 
Snowy  Formation  contains  some  bioclastic  beds  composed  of  bryozoan,  crinoid 
and  coral  hash.  In  addition,  some  Big  Snowy  beds  contain  productid, 
spiriferid,  and  rhynconellid  brachiopods  and  corals  (Scholten  and  Ramspott, 
1968).  Brachiopods  are  prevalent  throughout  the  Phosphoria  Formation 
(Oberl indacher  and  Hovland,  1979).  Fossils  commonly  found  in  the  Dinwoody 
Formation  include  conodonts,  brachipods  and  ammonites.  The  Medicine  Lodge 
beds  contain  numerous  plant  and  vertebrate  fossils.  Plant  fossils  found  in 
the  unit  include;  Ginkgo,  Metasequoia,  Sassafras,  and  Symphicarpos. 
Vertebrate  fossils  found  in  the  Medicine  Lodge  beds  include  rhinoceras 
teeth,  fish  bones,  and  horses  (parhippus  and  merrychippus) . 

2.6  Historical  Geology 

During  Precambrian  Y  time,  the  Eighteen  Mile  GRA  was  located  on  a  high  area 
separating  the  Belt  basin  in  northern  Idaho  and  northwestern  Montana  from 
the  Cordilleran  miogeocline.  The  sediments  comprising  the  Lemhi  Group  rocks 
were  deposited  in  the  miogeocline  150  to  200  miles  southwest  of  the  Lemhi 
Range.  The  change  from  fine-grained  feldspathic  quartzite  in  the  Gunsight 
Formation  to  medium-grained,  hematitic,  non-feldspathic  quartzite  in  the 
Swauger  Formation  may  reflect  the  major  tectonic  adjustments  of  early 
Missoula  time  (Ruppel  ,  1975).  The  pronounced  unconformity  between  the 
Swauger  Formation  and  the  overlying  Precambrian  Z  Wilbert  Formation  reflects 
major  deposition  and  erosion  of  the  Precambrian  Y  rocks.  Regional  uplift, 
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folding,  and  some  faulting  ended  sedimentation  in  the  Precambrian  Y  mio- 
geocline,  and  is  probably  closely  related  to  deformation  associated  with  the 
East  Kootenay  orogeny  in  Canada  about  800  m.y.  ago  (Ruppel  et  al . ,  1975). 

The  Precambrian  Z  VJilbert  Formation  was  deposited  in  a  near-shore  environ- 
ment. The  northward  thinning  recognizable  in  the  Lemhi  Range  reflects  both 
on-lap  and  Late  Cambrian  emergence  and  erosion.  The  shoreline  was  probably 
over  100  miles  west  of  the  Eighteen  Mile  GRA  (Ruppel  et  al .  ,  1975). 

Formerly,  south-central  Idaho  was  thought  to  have  been  a  relatively  stable 
miogeosyncl inal  area  during  early  Paleozoic  time,  but  evidence  of  an 
Ordovician  disturbance  is  accumulating  (Skipp,  1981).  The  Early  Ordovician 
Summerhouse  Formation,  present  west  of  the  Beaverhead  Range,  represents  a 
near-shore  perhaps  lagoonal  environment.  The  Summerhouse  is  overlain  in 
slight  angular  unconformity  by  the  Kinnikinic  Quartzite  (Ruppel  et  al . , 
1975)  which  indicates  a  period  of  emergence  and  folding.  In  addition,  an 
intrusive  complex  in  the  southern  Beaverhead  Mountains  is  dated  as  latest 
Early  Ordovician  and  syndepositional  faulting  in  the  Kinnikinic  Quartzite  is 
desribed  in  the  same  area  (Skipp,  1981). 

During  lower  Paleozoic  time,  the  Eighteen  Mile  GRA  was  encompassed  by  the 
Lemhi  arch,  a  northwest-trending  intermittently  emergent  landmass  that 
separated  the  Cordilleran  miogeocline  in  western  Idaho  from  a  shelf  embay- 
ment  in  southwestern  Montana.  During  this  time,  the  eastern  side  of  the 
arch  was  probably  continuous  with  the  large  landmass  to  the  east  since 
Ordovician  and  Silurian  rocks  are  absent  (Ruppel,  1978).  The  Middle 
Ordovician  through  Siluran  rocks  to  the  west  of  the  Eighteen  Mile  GRA  are 
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characteristic  of  a  shallow,  very   gradually  deepening  sea.  The  Kinnikinic, 
a  near-shore  clean  sand  probably  derived  from  a  mature  landmass  to  the  east, 
is  succeeded  by  reefal  dolomites  (Ross,  1947).  Sometime  toward  the  end  of 
Silurian  or  beginning  of  Early  Devonian  time  the  seas  withdrew  from  south- 
east Idaho  and  a  widespread  erosion  surface  developed,  exposing  successive- 
ly older  rocks  (from  Silurian  to  Cambrian)  in  an  easterly  direction 
(Scholten  and  Hait,  1962). 

Beginning  in  Middle  Devonian  time  a  deep  basin  developed  in  central  Idaho. 
To  the  east,  a  miogeosyncline  developed  which  eventually  became  distinctly 
differentiated  from  the  semi-stable  cratonic  shelf  along  a  sharp  hinge  line 
near  the  present  Lemhi  Range.  Seas  were  originally  transgressive  during  all 
of  Middle  and  part  of  Late  Devonian  time  (Scholten  and  Hait,  1962). 

Latest  Devonian  to  early  Mississippian  time  was  a  period  of  upheaval 
associated  with  the  Antler  orogeny.  Devonian  and  older  rocks  v/ere  uplifted 
and  eroded  as  the  Antler  highland  developed  in  southwestern  Idaho  and 
northern  Nevada  (Skipp,  1981).  Turbidites  filled  a  deep  and  narrow  flysch 
trough  developed  adjacent  to  the  eastern  margin  of  the  Antler  highland. 
East  of  the  flysch  trough,  thick  orogenic,  thin  starved-basin,  and  thick 
carbonate  sequences  were  deposited  in  an  outer  cratonic  platform  or  foreland 
basinal  environment.  Sedimentation  continued  without  major  interruption 
through  Mississippian  time  (Skipp  et  al . ,  1979).  The  flysch  basin  had 
filled  by  Early  Pernnsylvanian  time  and  was  succeeded  by  a  carbonate  bank. 
Coincident  with  the  rise  of  the  ancestral  Rocky  Mountains  during  Middle 
Pennsylvanian  time,  the  sediments  in  the  western  portion  of  the  flysch  basin 
were  uplifted  to  form  the  Copper  Basin  highland.  Minor  coarse  detritus  from 
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this  highland  was  shed  eastward  into  the  shallow  water  carbonate  bank  regime 
of  the  Snaky  Canyon  Formation  (Skipp,  1981). 


The  time  gap  between  the  Triassic  Dinwoody  Formation  and  the  Eocene  Challis 
Volcanics  represents  the  Sevier  orogeny.  During  Early  Cretaceous  (141-100 

y.)  to  Paleocene  (65-55  m.y.)  the  major  thrust  sheets  developed  forming 
the  allochthonous  terrane  presently  underlying  the  Eighteen  Mile  GRA  (Skipp, 
1981).  Eastward  telescoping  due  to  thrusting  across  the  northeast  margin  of 
the  Snake  River  Plain  is  estimated  to  have  produced  crustal  shortening  in 
excess  of  180  miles,  and  possibly  as  much  as  400  miles  (Skipp  and  Hait, 
1977). 
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The  major  part  of  the  Eocene  Challis  Volcanics  was  erupted  from  about  51  to 
45  m.y.  ago.  Minor  volcanism  and  associated  intrusive  activity  continued  in 
the  south-central  Idaho  region  until  about  40  m.y.  ago.  Normal  and  strike- 
slip  faulting  preceeded  and  accompanied  volcanism  (Skipp,  1981). 

After  a  tectonically  relatively  inactive  period  during  Oligence  (38-23  m.y.) 
and  early  Miocene  (23-5  m.y.)  time,  major  basin-and-range  extension  faulting 
commenced  about  17  m.y.  ago.  Eastward  tilting  of  the  uplifted  fault  blocks 
along  moderately  dipping  normal  faults  located  on  their  west  flank  formed 
the  narrow,  linear  north-  to  northwest-trending  mountain  range  (Skipp, 
1981).  The  inception  of  basin-range  faulting  was  followed  closely  by  the 
initial  downwarping  and  faulting  of  the  north  margin  of  the  Snake  River 
Plain  to  the  south. 
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3.0  MINERAL  AND  ENERGY  RESOURCES 


3.1  Introduction 


Data  on  the  mineral  and  energy  resources  of  the  Eighteen  Mile  GRA  was 
compiled  from  all  available  sources.  Principal  sources  of  mineral  resource 
information  were  the  U.S.  Geological  Survey  CRIB  File,  the  U.S.  Bureau  of 
Mines  MILS  File,  the  Idaho  Bureau  of  Mines  Mines  and  Prospects  Map  Series 
(Mitchell  et  al . ,  1981),  a  mineral  resource  summary  on  Beaverhead  County 
(Geach,  1972),  and  commodity  reports  by  Kiilsgaard  (1964),  Johns  (1980)  and 
Withington  (1964).  Detailed  descriptions  of  mineral  districts  in  the 
vicinity  of  the  GRA  are  given  by  Anderson  and  Wagner  (1944),  Staatz  (1979), 
Staatz  et  al.  (1972),  and  Oberl indacher  and  Hovland  (1979). 

Data  on  energy  resources  was  obtained  from  both  the  Montana  Oil  and  Gas 
Conservation  Commission  and  the  Idaho  Oil  and  Gas  Conservation  Commission. 
Other  information  was  obtained  from  Breckenridge  (1982),  Cole  et  al .  (1982), 
Mitchell  et  al .  (1980),  and  Sonderegger  and  Bergantino  (1981).  The  U.S. 
Department  of  Energy  conducted  a  study  of  the  uranium  potential  of  the  area 
as  part  of  the  NURE  Program  (Wodzicki  and  Krason,  1981). 

3.2  Known  Mineral  and  Energy  Deposits 

Silver-lead-zinc  deposits  occur  in  the  southeast  corner  of  the  Eighteen  Mile 
GRA  (Fig.  9,  Table  I).  These  deposits  are  in  the  Nicholia  district  which  is 
described  by  Shenon  (1928),  Anderson  and  Wagner  (1944),  Umpleby  (1913),  and 
Ruppel  (1978).  Detailed  geology  of  the  Nicholia  district  is  shown  in  Figure 
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TABLE    I 


MINERAL 

OCCURRENCES  U 

1  THE 

EIGHTEEN  MILE  GRA 

• 

Map 
No. 

Name 

Commodity 

Reference 

> 

1 

Kay  Claims 

Thorium-RE, 
mon ,  Cu 

Zr-Ti 

Staatz  (1982] 

2 

Clear  Creek 

Gypsum 

Withington  (1964) 

3 

Lombardi 

Siliza,  Qtz 

xtals 

Mitchell 

et  c 

il.  (1981) 

4 

Snowball  Quarry 

Gypsum 

Mitchell 

et  c 

il.  (1981) 

5 

Unnamed 

Phosphate 

Oberl  indc 
Hoveland 

tcher  and 
(1979) 

6 

Unnamed 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

7 

Unnamed 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

8 

Clark  and  Rossi 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

9 

CI  imax  Group  - 

Pb-Zn-Ag 

'  :-- 

Anderson 

and 

Wagner 

(1944) 

10 

Viola  Mine 

Pb-Zn-Ag 

- 

Anderson 

and 

Wagner 

(1944) 

11 

CI ipper 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

12 

Ida 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

13 

Erdelman 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

14 

Unnamed 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

15 

Unnamed 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 

16 

Unnamed 

Pb-Zn-Ag 

Anderson 

and 

Wagner 

(1944) 
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10.  The  Nicholia  district  is  the  northernmost  part  of  the  Birch  Creek 
district  which  extends  along  the  front  of  the  Beaverhead  Range  from  north  of 
Nicholia,  southeast  for  about  30  miles,  to  the  edge  of  the  Snake  River 
Plain. 

The  orebodies  in  the  Nicholia  district  are  described  as  replacements  in 
limestone.  The  orebodies  occur  as  mantos ,  pipes  or  irregular  masses.  All 
the  production  has  been  from  near-surface  oxidized  zones;  typically  sandy 
lead  carbonate,  zinc  carbonate  and  copper  carbonates.  The  unoxidized  ore- 
bodies  include  galena,  chalcopyrite,  sphalerite,  tetrahedrite  and  pyrite 
along  with  the  gangue  minerals  siderite,  barite,  calcite  and  quartz.  The 
galena  has  a  fine-grained  granular  habit  and  along  with  chalcopyrite  (where 
present)  forms  stringers,  small  lenses,  and  irregular  masses.  Sphalerite  is 
only  found  in  small  amounts  of  widely  scattered  grains.  Tetrahedrite  and 
pyrite  occur  in  microscopic  amounts  (Anderson  and  Wagner,  1944). 

The  Viola  mine  (loc.  10,  Figs.  9-10,  Table  I)  was  the  most  important 
producer  in  the  Nicholia  district.  It  produced  an  estimated  $2,500,000  to 
$5,000,000  worth  of  ore  from  1882-f389.  The  major  orebodies  at  the  Viola 
mine  were  three  large,  irregular  flat-lying  bodies  separated  by  steeper 
dipping  zones  of  stringer  ore.  The  orebodies  were  typically  several  hundred 
feet  in  horizontal  dimension  and  ranged  up  to  30  feet  thick.  The  ore 
consisted  of  silver-bearing  lead  oxide,  primarily  cerrusite,  with  a  grade  of 
4  to  14  ounces  of  silver  and  35-60%  lead  per  ton.  The  lead-silver  ore  was 
underlain  by  smithsonite  grading  between  20  and  30%  zinc.  The  smithsonite 
was  apparently  not  mined  (Anderson  and  Wagner,  1944).  The  Viola  mine  is 
adjoined  to  the  north,  east  and  south  by  other  properties  (Iocs.  6-9  and 
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11-19,  Fig.  10),  some  of  which  have  produced,  but  most  of  which  are 
exploratory  in  nature. 

During  the  site  inspection  by  WGM  personnel  in  the  fall  of  1982  there  was 
evidence  of  recent  underground  exploration;  including  shaft  sinking,  and 
rotary  drilling  southwest  of  the  Viola  mine  and  north  of  Cedar  Gulch  along 
the  crest  of  the  range.  The  Paleozoic  rocks  underlying  the  Nicholia 
district  have  been  extensively  broken  by  moderately  to  steeply  dipping 
faults,  and  intruded  to  a  limited  extent  by  granitic  and  rhyolite  porphyry 
dikes.  The  orebodies,  however,  have  no  obvious  connection  to  either  of 
these  features. 

A  small  gypsum  mine  (loc.  2,  Fig.  9,  Table  I)  is  located  on  Clear  Creek  in 
the  northern  part  of  the  Eighteen  Mile  GRA.  There  are  no  production  records 
for  the  mine,  however  it  appears  to  have  been  active  in  the  past  5  to  10 
years.  The  only  reference  to  this  mine  in  the  literature  is  a  brief  state- 
ment that  the  deposit  was  formed  by  hot  springs  activity  along  a  fault  zone 
(Withington,  1964).  The  mine  was  examined  by  WGM  personnel  in  October  1982 
as  part  of  the  GEM  project.  This  examination  plus  other  descriptions  of 
gypsum  deposits  in  southwestern  Montana  (Johns,  1980)  suggest  that  the 
deposit  may  be  stratabound  rather  than  hydrothermal . 

The  deposit  consists  of  one  or  more  southeasterly-plunging  lenses  of  massive 
to  bedded  gypsum  (Fig.  11).  The  lenses  are  localized  and  tectonically 
thickened  along  the  axis  of  a  southeast-plunging  anticline.  The  anticline 
may  be  a  drag-fold  related  to  a  prominent  northwest-trending  fault  which 
runs  down  the  north  side  of  Clear  Creek  Valley  (Fig.  12).  The  gypsum  is 


CO 

UJ 


CO 

a 


a: 
o 

z 

CO 

Q_ 

_l 

> 
< 

UJ 

_l 
< 

I 

z 

^i 

o 

O 

CO 

CO 

a 


< 
O 


< 


O 
O 


o 

UJ 
CO 

co 
en 
o 

cc 
o 


Vi.'i 

,,, 

•f.' 

o 

5 


c  s 


0) 

■*  o 

O  "5 


UJ 


a  s 


01 

o  o 

Q> 


0> 


<0 

l/J 

kj 


i 

k 

V3 


o 
a 
a 


. 


—    —         to 


O 


cr 
O 


cr 
O 


i? 

£. 

CO 

Q. 

10 

00 

o 

CO 

-O 

-O 

( > 

( J 

O 

o 

< 

--: 


o 
a 


—     o  »- 


E 
o 


Q 


o    2 


o 

c 

5 
O 


O   5 


*   (0 

O   C 

(Q 

Q)     «M 

."5  c 

c1 
c   • 

a  o 

a>  -c 

4m    CO 

0>  — 


Uj         v 


E 

a 

01 

a 

<0 

5 

is 

u 

CD 

0) 

o 

0> 

— » 

o 

o 


o 


<M 


oo 


o 
w 

s 

re 
<fc 
•o 

c 

CO 

c 
o 

** 

o 

■c 
o 

co 

E 
o 


Q 


5? 
1 


41 


underlain  and  interbedded  with  gray,  thin-bedded,  fine-grained  limestone  and 
overlain  by  black  to  brown  shale  with  lenses  of  black  limestone.  Thin 
gypsum  beds  also  occur  in  the  shale.  The  section  is  capped  by  gray-brown 
bedded  to  blocky,  graywacke  and  mudstone.  The  host  rocks  are  part  of  the 
Big  Snowy  Formation. 

The  gypsum  has  been  mined  by  an  open-pit  developed  on  two  levels.  The  lower 
pit  is  450  feet  long,  100  to  150  feet  wide,  and  50  feet  deep.  The  upper 
level  is  about  500  feet  long,  100  to  200  feet  wide  and  has  two  30  to  40  foot 
benches.  The  largest  lense  of  gypsum  is  exposed  on  the  south  side  of  the 
lower  level.  The  gypsum  in  the  lenses  is  very   pure  (visual  estimate  more 
than  90%  gypsum)  whereas  the  gypsum  interbeds  in  the  limestone  and  shale  are 
less  pure. 

The  deposit  is  clearly  stratabound  and  not  related  to  hot  springs,  The 
deposit  has  been  tectcnically  thickened  along  the  nose  of  the  fold.  The 
Clear  Creek  deposit  is  similar  in  composition  and  structural  setting  to  the 
deposits  described  by  Johns  (1980)  in  Beaverhead  County,  Montana.  Those 
deposits  are  also  hosted  by  the  Big  Snowy  Formation. 

3.3  Known  Mineral  and  Energy  Prospects,  Occurrences,  and  Mineralized  Areas 

There  are  four  other  mineral  occurrences  or  prospects  in  the  Eighteen  Mile 
GRA  in  addition  to  those  described  above  (Fig.  9,  Table  I).  These  include  a 
second  gypsum  occurrence  (loc.  4)  and  a  silica  prospect  (loc.  3)  located 
south  of  Clear  Creek.  Available  descriptions  of  these  prospects  are  limited 
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to  MILS  references.  The  other  occurrences  are  the  Kay  claims  (loc.  1)  and 
an  unnamed  phosphate  occurrence  (loc.  5). 

The  Kay  thorium  prospect,  located  near  the  northern  boundary  of  the  Eighteen 
Mile  GRA  (Fig.  13),  cover  parts  of  an  anomalously  radioactive  granitic 
intrusive  located  between  Bull  Creek  and  Hawley  Creek  (Staatz  et  al . , 
1972).  The  stock  intrudes  Ordovician  Kinnikinic  Quartzite  and  Precambrian 
rocks  but  is  thrust  over  Permian  rocks  (Lucchitta,  1966).  The  granite  is 
similar  to  other  intrusives  in  the  region  dated  as  lower  Paleozoic  (Ruppel, 
1968;  Ramspott  and  Scholten,  1965).  The  stock  is  composed  of  medium- 
grained,  tan,  pink  or  white  granite.  The  anomalous  radioactivity  is 
associated  with  zones  of  fracturing,  red  hematite  staining,  and  alteration. 
The  average  thorium  content  of  the  granite  is  35  ppm  with  local  altered 
areas  containing  over  100  ppm.  Most  of  the  thorium  occurs  as  fine  crystals 
of  thorite  along  fractures  in  perthite  (Staatz  et  al . ,  1972).  Staatz  et  al . 
(1972  )  conclude  that  the  thorium  originally  occurred  in  zircon,  allanite 
and  monazite  and  was  subsequently  redistributed  by  hydrothermal  alteration. 

The  phosphate  prospect  (loc.  5,  Fig.  9,  Table  I)  located  along  Dry  Canyon 
just  north  of  the  boundary  of  WSA  43-3  (Fig.  14).  This  deposit,  along  with 
others  to  the  north  near  Hawley  Creek,  is  described  by  Oberl indacher  and 
Hovland  (1970).  The  phosphate  occurs  as  oolites,  pellets,  and  nodules  in 
the  Retort  Member  of  the  Phosphoria  Formation.  The  Retort  Member  averages 
70  feet  thick  in  this  area.  Oberl indacher  and  Hovland  (1979)  estimate  the 
phosphate  resources  in  the  Dry  Canyon  area  at  a  minimum  of  70.16  million 
short  tons  of  low  grade  (16  to  25%)  and  18.25  million  short  tons  of  medium 
grade  (24  to  31%)  phosphate  rock. 
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Beds  of  bituminous  coal  occur  in  the  Tertiary  Medicine  Lodge  beds  in  Montana 
15  miles  northeast  of  the  Eighteen  Mile  GRA  (Dyni  and  Schell  ,  1982).  None 
of  these  are  within  the  GRA. 

3.4  Mining  Claims.  Leases  and  Material  Sites 

A  review  of  BLM  claims  records  current  to  June  7,  1982  shows  that  there  are 
221  unpatented  mining  claims  and  one  patented  claim  in  the  Eighteen  Mile  GRA 
(Fig.  15).  The  majority  of  the  claims  are  in  two  areas:  (1)  the  Kay 
thorium  prospect  area  (111  claims),  and  (2)  the  Nicholia  district  (108 
claims).  There  are  two  unpatented  claims  covering  the  Gypsum  mine  on  Clear 
Creek  and  one  patented  claim  south  of  Clear  Creek. 

Approximately  70%  of  the  Eighteen  Mile  GRA  is  covered  by  oil  and  gas  leases 
(Fig.  16).  Thirteen  leases  overlap  the  Eighteen  Mile  WSA  (Table  II).  About 
60%  of  the  WSA  is  covered  by  leases. 

About  20  square  miles  of  the  northwestern  part  of  the  Eighteen  Mile  GRA  is 
covered  by  phosphate  prospecting  permit  applications  (Fig.  15).  These 
applications  include  the  northernmost  three  square  miles  of  the  Eighteen 
Mile  WSA. 

3.5  Mineral  and  E nergy  D epos  it  Types 

The  best  potential  for  metallic  mineral  deposits  in  the  Eighteen  Mile  GRA  is 
for  lead-zinc-silver  deposits.  Lead-zinc-silver  orebodies  have  been  mined 
at  a  number  of  localities  in  Idaho  including  the  Bayhorse  (Mclntyre  et  al . , 
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TABLE  II 


OIL  AND  GAS  LEASES  IN  THE  EIGHTEEN  MILE  WSA 


Lease  No. 


I  16529 


I  16605 


I  16668 


I  17026 


I  17027 


I  17164 


I  11340 


I  11367 


I  11379 


I  11388 


Owner  of  Record 

First  Mississippi  Corp. 

P.O.  Box  1249 

Jackson,  Mississippi  39205 

Pioneer  Production  Corp. 
P.O.  Box  2542 
Amerillo,  Texas  79189 

Joseph  Albright 
1629  K  St.  N.W. 
Suite  520 
Washington,  D.C.  20006 

S.  Dawson 

P.O.  Box  585 

Salt  Lake  City,  Utah  84110 

S.  Dawson 

P.O.  Box  585 

Salt  Lake  City,  Utah  84110 

Robert  Balsam  -  1/8  interest 
John  Warne  -  3/8  interest 
Irvin  Kranzler  -  3/8  interest 
Carl  Field  -  1/8  interest 
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TABLE  II  fCont.1 
OIL  AND  GAS  LEASES  IN  THE  EIGHTEEN  MILE  USA 


Lease  No.         Owner  of  Record  Date  Issued 

I  11389  Mobil  Oil  Corporation  11-01-77 

P.O.  Box  5444 
Denver,  Colorado  80217 

I  11392  Mobil  Oil  Corporation  11-01-77 
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1976;  Ross,  1937),  Junction  (Ruppel,  1978),  Gilmore  (Ruppel  et  al . ,  1970; 
Ruppel  and  Lopez,  1981),  Blue  Jay  (Ruppel  et  al . ,  1970),  Lava  Creek 
(Anderson,  1929;  Ross,  1931),  Little  Wood  River  (Nelson  and  Ross,  1962, 
Dover  et  al . ,  1981),  Copper  Basin  (Dover  et  al .  ,  1981)  and  Eureka  (Anderson, 
1956)  districts.  The  mineralization  in  these  districts  consists  of 
irregular  veins  and  replacement  bodies  in  folded  and  faulted  sedimentary  and 
metamorphic  rocks  and  to  a  lesser  extent  in  intrusive  rocks.  Quartzite, 
argillite,  limestone  and  dolomite  are  common  host  rock  lithologies,  however 
limestone  and  dolomite  are  the  most  abundant  hosts  (Hobbs,  1968).  Argenti- 
ferous galena,  sphalerite  and  freiberqite  with  lesser  amounts  of  pyrite  and 
chalcopyrite  are  the  principal  metallic  sulfide  minerals  (Kiilsgaard,  1964). 
The  deposits  are  commonly  oxidized  at  the  surface  and  much  of  the  early 
production  was  of  secondary  silver-lead-zinc  ores.  At  Gilmore,  about  6 
miles  west  of  the  Eighteen  Mile  GRA,  lead-silver  orebodies  occur  in  fracture 
zones  parallel  in  strike  but  opposite  in  dip  to  the  dolomite  host  rock. 
Vein  mineralization  consists  of  quartz  and  simple  sulfides  (Ross,  1941). 
The  host  dolomite  belongs  to  the  lower  Jefferson  Dolomite  (Ruppel  and  Lopez, 
1981).  The  principal  deposits  appear  to  be  associated  with  a  Tertiary  stock 
intruded  along  the  flank  of  an  uplifted  mountain  block  (Ruppel,  1982). 
These  igneous-associated  deposits  were  formed  in  the  late  stages  of  the 
Laramide  orogeny. 

The  mineralization  in  the  Nicholia  and  Birch  Creek  districts  is  similar  to 
that  of  the  intrusive  associated  deposits  described  above  except  that 
Teritary  stocks  or  sheets  are  absent  in  these  areas.  The  mineralization 
forms  irregular  replacement  bodies  along  fault  zones  in  Paleozoic  lime- 
stone. The  Nicholia  district,  in  the  Eighteen  Mile  GRA,  is  located  several 
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miles  south  of  the  Beaverhead  pluton  which  is  dated  as  Ordovician  by 
Scholten  and  Ramspott  (1968),  and  mapping  of  plutons  to  the  north  by  Staat 
et  al .  (1972),  also  indicates  a  lower  Paleozoic  age  for  plutons  in  the 
Beaverhead  Range.  Anderson  and  Wagner  (1944)  describe  dikes  and  granite  at 
the  Viola  mine  in  the  Nicholia  district  but  state  that  there  is  no  apparent 
relationship  between  the  mineralization  and  the  intrusive.  Scholten  and 
Ramspott  (1968)  also  conclude  that  the  granitic  rocks  are  not  related  to  the 
mineralization.  The  Viola  mine  and  many  of  the  prospects  in  the  district 
are  aligned  in  a  roughly  east-west-trending  zone  which  appears  to  be 
structurally  controlled.  No  apparent  relationship  between  the  mineraliza- 
tion and  the  intrusives  was  observed  by  WGM  geologists  during  their  visit  to 
the  Viola  mine. 

The  Eighteen  Mile  GRA  is  situated  in  an  older  continental  margin  setting. 
One  of  the  major  metallic  mineral  deposit  types  expected  in  this  setting  is 
carbonate  or  sandstone-hosted  lead-zinc  deposits  Mitchell  and  Garson  (1981). 
The  lead-zinc  deposits  in  this  setting  are  known  as  Mississippi  Valley-type 
mineralization  and  are  characterized  by  the  following: 

1.  simple  sulfide  mineraogy 

2.  generally  hosted  by  dolomites,  less  commonly  by  sandstones  or  lime- 
stones 

3.  absence  of  nearby  intrusive  rocks 

4.  mineralization  related  to  local  facies  changes  in  host  rock 

5.  districts  related  to  basinal  margins 

6.  relatively  simple  structure  at  time  of  description 
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The  Paleozoic  ages  of  leads  from  the  Wood  River  district  (Hall  et  al., 
1978),  the  general  characteristics  of  some  of  the  lead-zinc  mineralization 
in  east-central  Idaho,  and  the  presence  of  stratabound  lead  and  copper 
mineralization  in  Cambrian  rocks  in  southeastern  Idaho  (Mansfield,  1929) 
suggest  potential  for  Mississippi  Valley-type  mineralization  in  the  older 
continental  margin  setting  of  east-central  Idaho. 

Although  the  al lochthonous  nature  of  the  terrane  within  the  Eighteen  Mile 
GRA  obscures  the  facies  relationships  among  the  sediments,  both  breccias  and 
reef  complexes,  which  are  excellent  ore  hosts  elsewhere,  may  be  present  in 
the  Paleozoic  carbonates.  If  Mississippi  Valley-type  lead-zinc  mineraliza- 
tion is  present  in  east-central  Idaho,  then  the  known  lead-zinc  occurrences 
may  represent  remobil ization  undiscovered  mineralization  during  later 
geologic  processes  (ground  water  migration  along  fractures  and  faults  in  the 
Nicholia  district  and  igneous  intrusion  at  Gilmore). 

The  uranium  resource  potential  of  the  Dubois  Quadrangle,  which  includes  the 
Eighteen  Mile  GRA,  was  studied  by  Wodzicki  and  Krason  (1981).  A  total  of  49 
geochemical  samples  were  collected  from  the  GRA  (Table  III,  Figs.  17  and 
18).  Many  of  these  were  taken  from  streams  draining  the  Eighteen  Mile  WSA. 
Threshold  for  cold  extractable  uranium  in  stream  sediment  ssmples  (Fig.  19) 
is  20  ppm  (Wodzicki  and  Krason,  1981).  One  stream  sediment  sample  taken  in 
the  GRA  is  anomalous  in  uranium  (Sample  no.  519,  Fig.  18),  with  a  value  of 
29  ppm.   The  sample  is  near  the  Beaverhead  Pluton.  Interpretation  of 
airborne  and  ground  radiometric  data  shows  a  weak  (2  to  3  times  background) 
anomaly  along  the  south  side  of  the  Beaverhead  Pluton  in  the  area  drained  by 
the  anomalous  stream  (Wodzicki  and  Krason,  1981). 
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TABLE  III 


SUMMARY  OF  URANIUM  GEOCHEMICAL  SAMPLING, 
EIGHTEEN  MILE  GRA,  IDAHO 
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Wozicki  and  Krason  (1981)  identified  two  favorable  geologic  environments  in 
the  Dubois  Quadrangle  for  uranium  deposits.  These  are  in:   (1)  the 
Mississippian  McGowan  Creek  Formation  in  the  Birch  Creek-Heart  Mountain 
area,  south  of  the  Eighteen  Mile  GRA,  and  (2)  in  Tertiary  sedimentary 
basins.  In  the  McGowan  Creek  Formation  uranium  occurs  in  autinite  along 
with  quartz  and  limonite  in  shear  zones.  The  uraniferous  zones  are 
restricted  to  siltstone  lenses  in  mudstone  and  black  chert.  The  Birch 
Creek-Heart  Mountain  area  has  no  geochemical  expression  but  is  delineated  by 
the  radiometric  data.  The  McGowan  Creek  Formation  is  present  in  the 
Eighteen  Mile  GRA  and  crops  out  within  the  WSA.  There  are  no  radiometric 
anomalies  in  these  areas  but  the  data  and  sampling  are  reconnaissance  in 
nature.  Wodzicki  and  Krason  (1981)  recommend  a  detailed  study  of  the 
McGowan  Creek  Formation  in  the  entire  Dubois  Quadrangle.  There  are  no 
Tertiary  basins  within  the  Eighteen  Mile  GRA„ 

The  Lemhi  Pass  thorium  district,  the  largest  thorium  district  in  the  United 
States  (Staatz,  1979),  is  located  north  of  the  Eighteen  Mile  GRA.  In  the 
Lemhi  Pass  district,  numerous  thorium  veins  and  minor  copper,  quartz  and 
iron  veins  are  located  along  the  continental  divide  in  the  Beaverhead 
Mountains.  The  district,  about  13.5  miles  long  and  12  miles  wide,  is  part 
of  a  larger  north-northwest-trending  thorium-rich  belt  at  least  85  miles 
long.  This  belt  extends  from  southern  Ravi  1 1 i  County,  Montana  to  the 
vicinity  of  Bull  Canyon,  10  miles  southeast  of  Leadore,  Idaho.  Practically 
all  the  veins  in  the  belt  are  hosted  by  Precambrian  sedimentary  rocks. 
Staatz  (1979)  estimates  the  inferred  and  indicated  resources  of  the  district 
to  be  over  300,000  tons  of  thorium  oxide  and  over  300,000  tons  of  rare  earth 
oxides. 
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Over  two  hundred  veins  are  known  to  occur  in  the  Lemhi  Pass  district  and 
others  may  be  unrecognized  because  of  the  recessive  weathering  nature  of  the 
veins.  These  veins  range  in  length  from  a  few  feet  to  almost  a  mile  and 
commonly  exceed  1,000  feet  along  strike.  Thickness  ranges  from  thin  vein- 
lets  up  to  40  feet,  with  most  exceeding  one  foot.  Evidence  from  surface 
exposures  indicate  that  the  thorium  veins  persist  at  depth  since  they  are 
found  at  elevations  ranging  from  5,200  feet  to  9,400  feet.  One  vein  can  be 
traced  over  an  elevation  difference  of  520  feet.  Most  of  the  thorium  veins 
strike  between  N40°W  and  M80°W  and  dip  steeply  to  the  south.  This  orienta- 
tion primarily  reflects  control  by  Tertiary  faulting  which  persisted  through 
the  period  of  vein  formation  and  resulted  in  post-mineralization  brecciation 
and  displacement  along  the  veins.  Groups  of  veins  commonly  occur  in  zones 
up  to  50  feet  wide  (Staatz,  1979). 

The  basic  mineralogy  of  the  veins  consists  primarily  of  quartz  and  micro- 
cline  gangue  cut  by  numerous  irregular  limonite  and  hematite  veinlets  and 
masses  containing  thorite  and  other  accessory  minerals,  including  barite, 
and  calcite.  Thorite  is  found  associated  with  the  limonite  minerals  mostly 
in  very  small  crystals  0.04  mm  in  diameter.  Pyrite  is  commonly  found  in 
amounts  of  less  than  one  percent,  but  much  of  the  limonite  is  probably 
pseudomorphic  after  pyrite.  Black  amorphous  manganese  oxide  minerals  are 
also  fairly  abundant  and  may  be  intergrown  with  iron  oxide  minerals.  The 
hematite  present  in  the  veins  occurs  either  as  black  platy  specularite  or 
dark  red   granular  hematite  (Staatz,  1979). 

The  Kay  thorium  occurrence  (loc.  1,  Fig.  9),  at  the  northern  end  of  the 
Eighteen  Mile  GRA,  is  in  lower  Paleozoic  plutonic  rocks  (Staatz  et  al . , 
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1972;  Lucchittd,  1966)  which  are  probably  part  of  the  Beaverhead  Pluton 
(Scholten  and  Ramspott,  1968).  Staatz  et  al .  (1972)  conclude  that  the 
thorium  at  the  at  the  Kay  prospect  was  formed  as  a  result  of  post-magmatic 
hydrothermal  activity  and  differs  from  the  veins  in  the  Lemhi  Pass  district 
in  their  age  (Paleozoic  rather  than  Tertiary)  and  in  their  host  rock  type 
(plutonic  rather  than  sedimentary). 

The  gypsum  deposit  at  Clear  Creek  is  in  the  Mississippian  Big  Snowy  Forma- 
tion which  hosts  similar  deposits  occur  in  Montana  (Johns,  1980);  thus,  any 
area  underlain  by  the  Big  Snowy  Formation  has  potential  for  similar 
deposits.  Folding  and  faulting  have  acted  to  thicken  and  recrystall ize  both 
the  Clear  Creek  and  Montana  deposits;  therefore,  strongly  deformed  areas 
underlain  by  the  Big  Snowy  Formation  would  be  most  favorable  for  these 
deposits. 

Portions  of  the  Eighteen  Mile  GRA  which  are  underlain  by  carbonate  rocks  may 
have  potential  for  high  calcium  limestone  and  high  mangesium  dolomite 
(Savage,  1969).  No  data  useful  for  evaluating  this  potential  is  available 
in  the  region  encompassing  the  GRA. 

The  Eighteen  Mile  GRA  is  a  part  of  the  Cordilleran  fold-thrust  belt.  Major 
hydrocarbon  reserves  are  present  some  200  miles  southeast  of  the  GRA  in 
western  Wyoming  where  three  giant  oil  fields  (Lamb,  1980;  McCaslin,  1981) 
and  12  other  fields  are  currently  being  developed.  Some  of  the  latter  may 
be  classed  in  the  giant  ranks  when  fully  developed.  Production  within  this 
area  is  from  several  horizons  including  Ordovician,  Devonian,  Mississippian, 
Pennsylvanian,  Triassic,  and  Jurassic  units  (McCaslin,  1980,  1981).  In  the 
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Eighteen  Mile  GRA  some  of  these  Paleozoic  units  have  equivalents,  but 
Triassic  rocks  are  thin  and  Jurassic  rocks  are  absent.  The  nearest  test 
well  to  the  GRA  was  drilled  by  Amoco  to  6,700  feet  in  sec.  16,  T.12N., 
R.28E. ,  several  miles  outside  the  GRA  (Breckenridge,  1982).  Amoco  drilled 
another  well,  the  New  Milford  #1,  to  9,200  feet  in  sec.  19,  T.15N.,  R.27E. 
(George  Babits  pers.  comm. ,  1983).  This  well  is  10  to  15  miles  northwest  of 
the  Eighteen  Mile  WSA.  No  information  is  available  on  either  well  other 
than  they  were  plugged  and  abandoned.  According  to  Breckenridge  (1982) 
numerous  dry  holes  have  been  drilled  in  southeastern  Idaho  80  to  200  miles 
southeast  of  the  Eighteen  Mile  GRA.  Several  tests  have  also  been  drilled  in 
western  Montana,  15  miles  southeast  to  250  miles  north  of  the  Eighteen  Mile 
GRA  (McCaslin,  1981).  Hydrocarbon  shows  have  been  reported  in  some  of  the 
above  tests.  Except  for  the  absence  of  a  relatively  thick  Mesozoic  section 
and  a  thinner  Paleozoic  section  the  Eighteen  Mile  GRA  is  similar  strati- 
graphical  ly  and  structurally  to  southwestern  Montana.  General  evaluations 
of  the  hydrocarbon  potential  of  southwestern  Montana  have  been  made  by 
Scholten  (1967),  Perry  et  al .  (1981)  and  Peterson  (1981).  Scholten  (1967) 
considers  the  area  to  have  a  low  potential  whereas  both  Peterson  (1981)  and 
Perry  et  al .  (1981)  consider  the  area  to  have  some  potential  but  conclude 
that  further  study  is  necessary. 

Potential  hydrocarbon  source  beds  in  the  Eighteen  Mile  GRA  are  the  dark 
shales  of  the  McGowan  Creek  Formation,  argillaceous  limestones  and 
calcareous  shales  of  the  Jefferson  Formation,  dark  clayey-si lty  limestones 
of  the  South  Creek  Formation,  and  high  organic  beds  in  the  Phosphoria 
Formation.  All  of  these  units  except  the  South  Creek  Formation  have  had 
hydrocarbon  analyses  made  on  them  from  localities  in  east-central  Idaho  or 
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southwestern  Montana.  A  petroleum  company  had  samples  of  the  McGowan  Creek 
Formation  from  the  White  Knob  and  Lost  River  Ranges  west  of  the  Eighteen 
Mile  GRA  analyzed.  The  results  of  these  analyses  indicate  that  the  unit  has 
a  mature,  very  poor  oil,  good  to  excellent  wet-gas  condensate  source 
character  (Nance  Petroleum  pers.  comm. ,  1982).  The  organic  carbon  content 
of  well -cuttings  from  the  Three  Forks  Formation  in  southwestern  Montana  is 
7.5%  (Perry  et  al . ,  1981).  This  clearly  implies  that  the  Three  Forks  could 
be  a  hydrocarbon  source  bed  where  similar  lithclogies  are  present  in  the 
Eighteen  Mile  GRA. 

Thermal  maturity  of  source  beds  within  the  Eighteen  Mile  GRA  has  not  been 
studied.  However,  the  data  known  to  the  west  (Nance  Petroleum  pers.  comm., 
1981)  and  the  conodont  color  alteration  indices  reported  for  Mississippian 
strata  in  southwestern  Montana  (Perry  et  al . ,  1981)  indicate  that  the 
thermal  maturity  has  been  of  sufficient  magnitude  within  the  region  to 
generate  hydrocarbons. 

Potential  hydrocarbon  reservoir  beds  in  the  Eighteen  Mile  GRA  include 
surcosic  dolostones  in  Ordovician  and  Devonian  strata,  and  sandstones  and 
conglomerates  within  the  late  Paleozoic  strata.  Fracture  porosity  may  also 
occur  in  these  units.  The  thrust  faults  and  block  uplifts  of  the  region 
should  provide  structural  traps  for  the  reservoir  beds.  The  numerous  dis- 
conformities  present  in  the  lower  Paleozoic  section  might  also  provide 
structural  traps  for  the  reservoir  beds. 

The  southern  half  of  the  Eighteen  Mile  WSA  is  underlain  by  igneous  rocks. 
These  rocks  are  not  hydrocarbon  source  beds  and  unless  fractured  and  buried 
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beneath  sedimentary  rocks  are  not  reservoir  beds.  Potential  only  exists 
for  hydrocarbon  resources  in  the  southern  half  of  the  WSA  if  the  igneous 
rocks  at  the  surface  are  a  part  of  the  Beaverhead  allochthon  as  suggested  by 
Skipp  and  Hait  (1977).  In  this  case  the  intrusive  would  be  thrust  over 
Paleozoic  or  younger  strata  that  could  serve  as  reservoir  beds. 

There  are  no  hot  springs  or  other  geothermal  manifestations  in  the  Eighteen 
Mile  GRA,  consequently  the  geothermal  potential  of  the  area   must  be 
evaluated  by  analogy  based  on  the  regional  setting.  The  Eighteen  Mile  GRA 
is  within  the  Central  Idaho  Basin  and  Range  geothermal  province  which 
occupies  the  area  between  the  Idaho  batholith  on  the  west,  the  Montana  Basin 
and  Range  province  on  the  east,  and  the  Snake  River  Plains  on  the  south. 
The  area  is  distinguished  from  the  Montana  Basin  and  Range  in  that  the 
bedrock  of  the  province  is  predominately  Precambrian  and  Paleozoic 
sedimentary  rocks  which  have  been  extensively  thrust  faulted.  The  Eocene 
Challis  Volcanics  are  the  youngest  volcanic  rocks  exposed  in  this  province. 
Normal  faulting  appears  to  have  been  active  until  very  recent  times.  In 
addition,  a  seismic  trend  extending  westward  from  Yellowstone  National  Park 
passes  through  the  center  of  the  province.  Another  zone  of  seismic  activity 
is  present  just  west  of  the  Central  Idaho  basin  and  Range  geothermal 
province  and  an  east-west  trend  of  seismic  activity  is  also  present  along 
the  Centennial  Mountains  on  the  Montana  border  just  east  of  the  province 
(Smith,  1978).  The  hot  spring  frequency  in  the  Central  Idaho  Basin  and 
Range  geothermal  province  is  somewhat  lov/er  than  in  the  Montana  and  Basin 
Range  province;  however,  the  Central  Idaho  Basin  and  Range  province  is 
virtually  unknown  on  even  a  reconnaissance  geothermal  or  geophysical  basis. 
Typical  heat  flow  values  are  probably  the  same  as  the  Montana  Basin  and 
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Range  province,  but  very  little  data  is  available.  Due  to  the  abundance  of 
carbonate  rocks  in  the  province,  the  hydrology  is  probably  more  complicated 
than  in  the  Montana  Basin  and  Range  province  where  less  permeable  granitic 
and  metamorphic  rocks  predominate.  However,  it  is  not  possible  to  predict 
the  influence  that  bedrock  hydrology  might  have  on  the  location  of 
geothermal  systems  in  the  Central  Idaho  Basin  and  Range  province  using 
existing  data. 

Apparently  the  Eighteen  Mile  region  is  not  seismically  active  at  present, 
but  it  lies  between  the  east-west  trending  Centennial  earthquake  zone  and  an 
area  of  seismic  activity  in  central  Idaho  between  Challis  and  Stanley 
(Smith,  1978).  Also,  the  physiographic  expression  of  the  ranges  in  the 
Eighteen  Mile  area  is  youthful.  The  nearest  geothermal  data  to  the  area  is 
on  the  east  side  of  the  Lemhi  Valley  at  Wittaker  and  Big  Eightmile  Creek 
warm  springs,  10  and  16  miles  respectively  from  the  WSA  (Mitchell  et  al . , 
1980).  Wittaker  warm  spring  has  a  flow  of  3,406  liters  per  minute  at  a 
temperature  of  24°C,  at  least  15°C  above  the  mean  annual  temperature.  The 
flow  of  Big  Eightmile  Creek  warm  spring  is  not  known,  but  the  surface 
temperature  is  33°C.  Unpublished  gradients  from  a  1,400  foot  deep  mineral 
exploration  test  in  the  Lemhi  Valley  directly  east  of  the  Eighteen  Mile  WSA 
are  85°C/km  (4.7°F/100  ft.)  and  the  bottom  hole  temperature  is  37°C.  Heat 
flow  values  and  gradients  in  the  Lemhi  Range  east  of  the  WSA  are  60 
milliwatts  per  square  meter  and  25°C/km  (1.4°F/100  ft.)  slightly  below 
normal  for  the  province  (Brott  et  al . ,  1976).  Sharkey  hot  springs  located 
along  the  west  side  of  the  Bitterroot  Range  about  40  miles  north  of  the  WSA, 
has  a  surface  temperature  of  52°C,  a  flow  of  757  liters  per  minute,  and  an 
estimated  reservoir  temperature  of  up  to  104°C  (Mitchell  et  al .  ,  1980).  The 
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two  warm  springs  issue  ^rom  alluvial  deposits,  possibly  overlying  major 
fault  structures,  since  the  hot  springs  in  this  region  are  generally  near 
the  range-valley  contact.  This  suggests  control  bv  the  major  range-bounding 
faults. 

The  probable  hydrclogic  setting  of  the  Beaverhead  Range  as  a  recharge  zone 
and  a  comparison  to  the  Lemhi  Pass  region  and  to  the  adjacent  Lemhi  Range 
suggest  that  relatively  low  gradients  will  be  typical  of  the  Beaverhead 
Range.  However,  comparison  with  other  Basin  and  Range  situations  along  with 
the  presence  of  warm  springs  and  high  heat  gradients  along  the  eastern 
border  of  the  Lemhi  Range  suggests  that  low  temperature  systems  associated 
with  major  fault  structures  may  exist,  particularly  at  the  intersection  of 
low  elevations  and  range  front  faults  along  the  west  side  of  the  Beaverhead 
Range.  Such  an  area  is  located  in  the  westernmost  part  of  the  Eighteen  Mile 
WSA  where  the  Eighteenmile  Creek  Valley  intersects  the  projected  location  of 
a  range-bounding  fault  (Fig.  20). 

3.6  Mineral  and  Energy  Economics 

Although  the  region  encompassing  the  Eighteen  Mile  GRA  is  sparsely 
populated,  the  existing  transportation  infrastructure  is  adequate;  thus, 
given  sufficient  reserves,  grade  and  reasonable  metal  and  energy  prices, 
development  of  any  metallic  mineral  or  hydrocarbon  deposits  should  not  be 
impeded. 

The  rise  in  the  price  of  silver  in  the  late  1970s  spurred  considerable 
exploration  interest.  U.S.  market  demand  has  steadily  increased  as  more 
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industrial  uses  for  silver  are   found  (Rosta,  1982).  Silver  deposits 
formerly  considered  to  be  low  grade  are   now  economically  attractive  at 
present  prices.  Additionally,  recoverable  silver  values  in  base  metal  ores, 
e.g.  lead  or  copper,  now  make  a  substantial  contribution  to  mine  profits. 

Gypsum  which  has  been  mined  in  the  Eighteen  Mile  GRA  is  used  in  two  forms: 
calcined  and  uncalcined  (Appleyard,  1975).  About  70%  of  the  gypsum  produced 
in  the  United  States  is  calcined  and  is  used  primarily  to  produce  gypsum 
wall  board  (Pressler,  1981).  About  70%  of  the  uncalcined  gypsum  is  used  in 
Portland  cement,  and  the  remainder  is  used  as  a  soil  conditioner.  Gypsum 
demand  is  tied  to  the  construction  industry  which  has  been  depressed  in 
recent  years  (Lacke,  1982).  The  price  of  gypsum  averaged  $8.53/ton  in  1981 
(Pressler,  1981). 

Thorium  is  used  in  nuclear  reactors,  refractories,  mantles  for  incandescent 
lights,  magnesium  alloys  as  a  hardener,  welding  rods,  and  electronics  (Kirk, 
1981).  A  mineral  sands  operation  in  Florida  is  the  only  thorium  producer  in 
the  United  States.  The  remainder  of  U.S.  thorium  needs  are  imported  or 
supplied  from  government  stockpiles. 

With  the  increase  in  the  price  imported  oil  in  the  past  decade,  the 
deregulation  of  domestic  natural  gas  prices,  and  increasing  government 
emphasis  on  energy  self  sufficiency,  exploration  and  development  of  domestic 
oil  and  gas  resources  has  proceeded  at  an  accelerated  pace.  Natural  gas 
reserves  discovered  in  the  late  1950s  and  1960s  in  the  Montana  Disturbed 
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belt  were  not  developed  because  of  a  lack  of  market  (Heany,  1961).  However, 
under  present  conditions  drilling  is  taking  place  with  a  goal  of  near-term 
production. 

The  economic  feasibility  of  geothermal  resource  development  is  determined  by 
its  distance  to  market  and  its  temperature.  Long-distance  transportation  of 
lower  temperature  geothermal  energy  is  not  feasible  whereas  for  electrical 
grade  resources  long  transportation  distances  are  feasible.  Based  on 
present  requirements  for  the  use  of  hot  fluids  in  electrical  generating 
techniques,  geothermal  systems  with  temperatures  of  less  than  150°C  do  not 
have  significant  potential  for  electrical  exploitation.  However,  geothermal 
resources  with  temperatures  less  than  150°C  do  have  significant  potential 
for  low  and  intermediate  temperature  geothermal  utilization  for  space  heat- 
ing, material  processing,  etc.  if  their  -minimum  temperature  exceeds  40°C, 
At  the  lower  end  of  the  spectum,  as  the  energy  content  of  the  resource 
becomes  less,  or  the  drilling  depth  necessary  for  exploitation  becomes 
greater,  there  is  a  very  ill-defined  cutoff.  For  example,  shallow  ground 
water  temperatures  on  the  order  of  10-20°C  can  be  used  for  heat  pump 
applications,  and  in  some  cases  these  are  considered  geothermal  resources. 
However,  in  this  evaluation,  a  lower  temperature  than  approximately  40°C  is 
considered  uneconomic  as  a  geothermal  resource. 
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4.0  LAND  CLASSIFICATION  FOR  GEM  RESOURCES  POTENTIAL 

4.1  Explanation  of  Classification  Scheme 

In  the  following  section  the  land  in  the  Eighteen  Mile  GRA  is  classified  for 
geology,  energy  and  mineral  (GEM)  resources  potential.  The  classification 
scheme  used  is  shown  in  Table  IV.  Use  of  this  system  is  specified  in  the 
contract  under  which  WGM  prepared  this  report. 

The  evaluation  of  resource  potential  and  integration  into  the  BLM  classifi- 
cation scheme  has  been  done  using  a  combination  of  simple  subjective  and 
complex  subjective  approaches  (Singer  and  Hosier,  1981)  to  regional 
resources  assessment.  The  simple  subjective  approach  involves  the  evalua- 
tion of  resources  based  on  the  experience  and  knowledge  of  the  individuals 
conducting  the  evaluations.  The  complex  subjective  method  involves  use  of 
rules,  i.e.  geologic  inference,  based  on  expert  opinion  concerning  the 
nature,  ir.d   importance  of  geologic  relationship  associated  with  mineral  and 
energy  deposts  (Singer  and  Mosier,  1981). 

The  GEM  evaluation  is  the  culmination  of  a  series  of  tasks.  The  nature  and 
order  of  the  tasks  was  specified  by  the  BLM,  however  they  constitute  the 
general  approach  by  which  most  resource  evaluations  of  this  type  are 
conducted.  The  sequence  of  work  was:  (1)  data  collection,  (2)  compilation, 
(3)  evaluation,  and  (4)  report  preparation.  Two  days  of  field  work  were 
done  in  the  Eighteen  Mile  GRA. 
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Each  WSA  is  classified  for  locatable,  leasable,  and  saleable  resources 
potential . 

Locatable  minerals  are  those  which  are  locatable  under  the  General  Mining 
Law  of  1872,  as  amended,  and  the  Placer  Act  of  1870,  as  amended.  Minerals 
which  are  lcoatable  under  these  acts  include  metals,  ores  of  metals,  non- 
metallic  minerals  such  as  asbestos,  barite,  zeolites,  graphite,  uncommon 
varieties  of  sand,  gravel,  building  stone,  limestone,  dolomite,  pumice, 
pumicite,  clay  magnesite,  silica  sand,  etc.  (Maley,  1983). 

Leasable  resources  include  those  which  may  be  acquired  under  the  Mineral 

Leasing  Act  of  1920  as  amended  by  the  Acts  of  1927,  1953,  1970,  and  1976. 

Materials  covered  under  this  Act  include:  asphalt,  bitumen,  borates  of 

sodium  and  potassium,  carbonates  of  sodium  and  potassium,  coal,  natural  gas 

nitrates  of  sodium  and  potassium,  oil,  oil  shale,  phosphate,  silicates  of 
sodium  and  potassium,  sulfates  of  sodium  and  potassium,  geothermal 
resources,  etc.  (Maley,  1983). 

Saleable  resources  include  those  which  may  be  acquired  under  the  materials 
Act  of  1947  as  amended  by  the  Acts  of  1955  and  1962.  Included  under  this 
Act  are  common  varieties  of  sand,  gravel,  stone,  cinders,  pumice,  pumicite, 
clay,  limestone,  dolomite,  peat  and  petrified  wood  (Maley,  1983). 


71 


4.2  Classification  of  the  Eighteen  Mile  Wilderness  Study  Area  (43-3) 

4.2.1  Locatable  Resources 

4.2.1a  Metallic  Minerals.  The  portion  of  the  Eighteen  Mile  Wilderness 
Study  Area  which  is  underlain  by  Paleozoic  sedimentary  rocks  (la,  Fig.  21) 
is  classified  as  having  moderate  potential  for  silver-lead-zinc  deposits, 
similar  to  those  in  the  Nicholia  district,  based  on  limited  direct  evidence 
(3C).  The  southern  part  of  the  WSA  (2a,  Fig.  21)  is  classified  as  having 
low  potential  for  metallic  minerals  based  on  limited  direct  evidence  (2C). 
The  basis  for  this  classification  is  discussed  in  Section  3.5. 

4.2.1b  Uranium  and  Thorium.  The  portion  of  the  Eighteen  Mile  Wilderness 
Study  Area  which  is  underlain  by  the  Beaverhead  pluton  (2b,  Fig.  21)  is 
classified  as  having  moderate  potential  for  thorium  and  low  potential  for 
uranium  mineralization  based  on  indirect  evidence  (3B).  The  remainder  of 
the  WSA  (lb,  Fig.  21)  is  classified  as  having  moderate  favorability  for 
uranium  based  on  indirect  evidence  (3B).  The  basis  for  this  classification 
is  the  presence  of  the  McGowan  Creek  formation  in  either  the  surface  or  sub- 
surface within  much  of  the  area. 

4.2.1c  Non-Metallic  Minerals.  The  portion  of  the  Eighteen  Mile  Wilderness 
Study  Area  which  is  underlain  by  rocks  of  the  Big  Snowy  Formation  (2c,  Fig. 
21)  is  classified  as  having  high  favorability  for  gypsum  based  on  limited 
direct  evidence  (4C).  The  remainder  of  the  WSA  (3c,  Fig.  21)  is  classified 
as  having  low  potential  for  non-metallic  minerals  based  on  limited  direct 
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evidence  (2C).  The  basis  of  this  classification  is  the  known  gypsum  deposit 
and  geologic  data  discussed  in  Section  3.5. 

4.2.2  Leasable  Resources 

4.2.2a  Oil  and  Gas.  All  of  the  Eighteen  Mile  Wilderness  Study  Area  (la, 
Fig.  22)  is  classified  as  having  moderate  favorability  for  oil  and  gas 
resources  based  on  limited  direct  evidence  (3C).  The  basis  of  this  classi- 
fication is  the  favorable  geologic  environment  coupled  with  the  presence  of 
favorable  source  rocks  and  structures. 

4.2.2b  Geothermal .  The  portion  of  Eighteen  Mile  Wilderness  Study  Area  (2b, 
Fig.  22)  near  the  mouth  of  Eighteen  Mile  Creek  is  classified  has  having 
moderate  potential  for  low  temperature  geothermal  resources  based  on 
indirect  evidence  (3B).  The  remainder  of  the  WSA  (3b,  Fig.  22)  is  classi- 
fied as  being  unfavorable  for  low  temperature  geothermal  resources  based  on 
indirect  evidence  (IB).  All  of  the  WSA  (lb,  Fig.  22)  is  classified  as  being 
unfavorable  for  high  temperature  geothermal  resources  based  on  indirect 
evidence  (IB).  The  basis  of  this  classification  is  the  geologic  and 
geothermal  setting  of  the  WSA  as  discussed  in  Section  3.5. 

4.2.2c  Sodium  and  Potassium.  The  Eighteen  Mile  Wilderness  Study  Area  (lc, 
Fig.  22)  is  classified  as  having  low  favorability  for  sodium  and  potassium 
resources  based  on  a  limited  direct  evidence  (2C).  The  basis  of  this 
classification  is  the  absence  of  known  occurrences  of  these  minerals  in  the 
region  and  the  unfavorable  overall  geologic  environment. 
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4. 2. 2d  Other.  All  of  the  Eighteen  Mile  Wilderness  Study  Area  (Id,  Fig.  22} 
is  classifed  as  having  low  favorability  for  other  leasable  resources, 
including  phosphate,  bitumen,  asphalt,  and  oil  shale,  based  on  limited 
direct  evidence  (2C).  The  basis  of  the  classification  is  the  absence  of 
Phosphoria  Formation  within  the  WSA  and  the  absence  of  known  occurrences  of 
other  leasable  resources  in  the  region. 

4.2.3  Saleable  Resources 

The  portion  of  the  Eighteen  Mile  Wilderness  Study  Area  which  is  underlain  by 
Paleozoic  carbonate  rocks  (1,  Fig.  23)  is  classified  as  having  high  favor- 
ability  for  common  varieties  of  limestone  and  dolomite  based  on  indirect 
evidence  (4B).  The  remainder  of  the  WSA  is  classified  as  having  low 
favorability  for  saleable  resources  based  on  limited  direct  evidence  (2C). 
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5.0  RECOMMENDATIONS  FOR  FURTHER  WORK 

The  lack  of  geochemical  data  for  the  Eighteen  Mile  GRA  limits  the  level  of 
confidence  of  the  metallic  mineral  resource  evaluation.  Stream  sediment  and 
panned  concentrate  samples  should  be  collected  fromall  drainages  in  the  GRA 
at  a  density  of  2  to  3  per  square  mile.  The  silt  samples  should  be  analyzed 
for  base  and  precious  metals.  The  panned  concentrates  should  be  analyzed 
for  tin,  tungsten  and  thorium. 

Ground  radiometric  traverses  should  be  made  over  the  Beaverhead  pluton  and 
the  areas  underlain  by  the  McGowan  Creek  Formation  to  delineate  zones  of 
anomalous  radioactivity.  The  procedures  followed  should  be  the  same  as 
those  outlined  by  Staatz  et  al .  (1972  ). 

The  outcrop  areas  of  the  Big  Snowy  Group  should  be  mapped  at  a  scale  of 
1:24,000  to  locate  possible  additional  gypsum  deposits.  Particular 
attention  should  be  paid  to  zones  of  faulting  and  deformation. 

Analyses  should  be  made  of  potential  hydrocarbon  source  beds  within  the 
Eighteen  Mile  GRA.  This  would  indicate  the  types  of  hydrocarbons  that  might 
be  expected  to  be  found  within  the  area.   It  would  also  provide  a  thermal 
maturity  history  of  the  area. 

The  area  classed  as  3B  for  low  temperature  geothermal  resources  is  only  a 
small  part  of  the  whole  VISA.  A  geologic  reconnaissance  to  locate  the 
range-valley  structural  boundary  and  its  intersection  with  the  lineament 
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along  Eighteenmile  Creek  coincident  with  a  geochemical  analysis  of  any 
spring  waters  should  be  completed.  If  warranted,  three  500  foot  holes  to 
test  geothermal  gradients  should  be  drilled  as  follows:   (1)  near  the  mouth 
of  Dry  Canyon,  (2)  Eighteenmile  Creek  Valley  in  sec.  11,  T.14M.,  R.28E.,  and 
(3)  along  the  range  front  in  T.13N.,  R.28E.  These  three  holes  would  be 
sufficient  for  gradient  evaluation. 
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DATE:  June  23,'  1983 

FROM:  Greg  Fernette,  Bill  Jones 

TO:  Eighteenmile  GRA  File  November  25,  1982 

SUBJECT:  Field  Visit  to  Eighteen  Mile  GRA 


On  October  8  and  9,  1982  we  visited  the  EighteenM  ile  Wilderness  Study  area 
as  part  of  Task  4  (field  verification)  of  the  GEM-2  project. 

The  field  work  had  two  objectives:  1)  examine  and  determine  the  character 
of  the  gypsum  deposit  on  Clear  Creek,  2)  visit  the  Nicholia  As-P6-Zn 
district  and  examine  the  southern  contact  of  the  Beaverhead  pluton  along 
Willow  Creek. 

On  October  8  we  examined  the  Clear  Creek  gypsum  mine.  We  mapped  the  deposit 
and  attempted  to  prospect  along  strike  to  the  south  and  down  plunge  to  the 
north.  The  work  was  hampered  by  a  snow  storm  in  the  afternoon.  Our  mapping 
clearly  shows  that  the  deposit  is  stratabound  in  the  shale  member  of  the  Big 
Snowy  Group.  This  is  contrary  to  published  descriptions  which  suggested 
that  the  gypsum  was  a  spring  deposit.  The  gypsum  is  thickened  and 
recrystal 1 ized  along  the  crest  of  a  southeast  plunging  anticline.  There- 
fore, both  structure  and  stratigraphy  are  to  some  extent  controlling 
factors. 

We  visited  the  Nicholia  As-P6-Zn  district  on  the  morning  of  Oct.  9.  The 
adits,  and  prospect  pits  on  the  north  side  of  Viola  Gulch  are  along  an 
ENE  trending  fault  or  fracture  zone.  The  largest  deposit;  the  viola,  is 
a  series  of  ENE  trending  pods  of  lead-zinc  carbonates.  Our  brief 
examination  confirmed  the  impression  of  Anderson  and  Wagner  (1944)  and 
Ruppel  (1978)  that  the  mineralization  is  not  obviously  related  to  the 
Beaverhead  pluton. 

We  then  examined  the  south  contact  of  the  Beaverhead  pluton  along  Willow 
Creek.  The  country  rock  is  white  Kinnikinic  quartzite.  The  granite  of 
the  pluton  is  medium  to  coarse  grained  and  quite  fresh.  This  is  some 
what  at  odds  with  Ramspotts  description  of  extensive  hydrothermal 
alteration.  The  contact  itself  is  not  exposed,  however,  there  is  some 
brecciated  granit  talus  north  of  the  creek.  This  suggests  the 
possibility  of  post  intrusion  faulting.  We  found  no  evidence  of 
base  metol  mineralization  associated  with  the  pluton. 


